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FOREWORD 

This  report  is  presented  in  two  sections,  each  of  which  is 
essentially  an  annual  progress  report  as  prepared  by  Minnesota 
Mining  and  Manufacturing  Company  under  research  and  development 
Contract  AF  33(038)-515-  It  covers  the  period  15  May  1949  to 
15  May  1931  and  is  on0  of  a series  to  he  issued  on  the  project; 
other  reports  will  he  published  as  research  progresses. 

The  Materials  Laboratory,  Directorate  of  Research,  Wright 
Air  Development  Center  initiated  this  research  project  under 
Research  ami  Development  Order  Ko.  602-19?,  15 Fuel  and  Oil 
Resistant  Polymer  Research, M with  Mr.  J.  C.  Mosteller  as  Project 
3ngineer;  Major  W.  H.  Ebelke  functioned  in  this  capacity  for  the 
last  six  months  of  the  referenced  period.  ?. cse.-.rch  Develop- 

ment Order  No.  617-11,  "Synthesis  and  Evaluation  of  New  Polymers," 
superseded  EDO  No.  602-192  during  the  course  of  the  work  covered 
herein. 
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ABSTRACT 


Exploratory  investigation  into  the  preparation  and  properties 
of  fluorinated  polymers  is  described.  Hew  polymeric  compositions 
of  matter  have  been  synthesised  and  screened  with  respoct  to  their 
potentialities  as  suitable  elastomers  for  use  under  extreme  conditions 
of  temperature  in  contact  with  various  fuels  end  oils.  The  esters  of 
unsaturated  hydrocarbon  acids  with  1,1-dihydrcperfluoroalkyl  alcohols 
represent  the  most  promising  class  of  monomers  investigated  so  far; 
cei  Hir  of  their  polymers  have  received  considerable  attention  because 
of  t.ueir  rubbery  properties  and  exceptional  resistance  tc  swelling  by 
non- fluorinated  solvents,  although  their  low  temperature  flexibility 
will  probably  require  extension  by  plastici2atioa.  Fluorinated  con- 
densation-type polymers  such  as  polyesters  and  polyamides  do  not 
appear  promising  as  elastomers  but  may  have  potentialities  as  fibres, 
films  or  structural  plastics.  Extensive  structure  versus  property 
correlations  are  not  attempted  but  it  is  concluded  that  either  side- 
chain  or  backbone  fluorine  in  polymeric  structures  promotes  resistance 
to  swelling  by  common  solvents;  the  former  does  not  appear  to  affect 
low  temperature  properties  as  adversely  as  sketal  attachment.  The 
possibility  of  constructing  a better  monomer  than  2 fluoro-alkyl 
acrylate  for  development  into  a superior  elastomer  for  specialised 
Air  Force  applications  is  still  conceded  for  the  field  it  relatively 
new  and  the  number  of  known  compounds  small. 


PUBLICATION  REVIEW 

This  report  has  been  reviewed  and  is  approved. 
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I INTRODUCTION 


As  the  requirements  of  modern  Industrial  and  military- 
usage  become  more  stringent,  it  has  become  necessary  to  develop 
materials  capable  of  withstanding  increasingly  severe  extremes 
of  temperature  and  conditions  of  chemical  attack.  Since  the 
replacement  of  a major  portion  of  the  carbon- bonded  hydrogen 
atoms  in  organic  compounds  by  fluorine  atoms  produces  compounds 
having  profoundly  different  physical  and  chemical  properties 
with  greatly  increased  stability  to  chemical  attack,  decreased 
solubility  in  ordinary  solvents,  and  markedly  improved  thermal 
stability,  the  development  of  fluorinated  liquids  and  solids 
appears  to  be  one  method  of  .satisfying  these  requirements. 

Ir.  particular,  it  would  be  extremely  desirable  to  develop 
highly  fluorinated  rubber-iike  materials  that  could  be  used  in 
various  applications  under  extreme  conditions  of  temperature 
and  exposure  to  solvents. 

The  Minnesota  Mining  k Manufacturing  Company  has  been 
developing  an  electrochemical  fluorination  process  invented  by 
Professor  J.  ”.  Simons  of  the  Pennsylvania  State  College, 

(J.  Electrochem.  Soc.  V?  (19^9)).  This  process,  involving 
essentially  the  electrolysis  of  a solution  of  an  appropriate 
organic  compound  In  anhydrous  hydrogen  fluoride,  provides  a 
source  of  many  previously  unobta Lnsble  f iuorochemicsls  which 
may  be  converted  into  new  types  of  polymers. 
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The  Minnesota  Mining  & Manufacturing  Company  therefore 
entered  into  Contract  Ho.  AF  33(03S)“5l5  with  the  United  States 
Air  Force,  represented  by  Wright  Air  Development  Center,  to  study 
the  development  of  highly  fluorinated  rubber-like  polymers  of 
possible  utility  in  the  Air  Force  program. 

The  chemistry  of  this  type  of  compound  is  largely  unknown. 

It  is,  therefore,  necessary  to  prepare  new  monomers,  to  develop 
processes  of  polymerization,  and  to  evaluate  many  different 
types  of  polymers  before  satisfactory  elastomers  can  be  designed. 

Two  factors  appear  to  be  of  primary  importance  in  determin- 
ing the  elastomeric  properties  of  solids.  First,  any  flexible 
rubber-like  polymer  must  contain  long  chain  molecules  capable 
of  readily  coiling  and  uncoiling.  This  requires  fairiy  free 
rotation  about  some  of  the  bonds  in  the  chain.  Secondly,  the 
long  chain  molecules  must  not  be  so  firmly  bonded  together  in 
the  polymer  that  colling  and  uncoiling  is  restricted  by  the 
neighboring  molecules.  That  Is,  the  polymer  should  not  approach 
the  crystalline  state  when  unstretched,  ^or  optimum  properties, 
stretching  should  induce  crystallization,  -ks  far  as  is  known 
from  the  physical  properties  of  the  fluorocarbons , rotation 
about  the  carbon-carbon  bonds  within  the  chain  is  hi,  hly  restricted. 
TIowever,  this  can  be  overcome  by  the  insertion  of  suits':  lc  seeing 
groups  within  the  ':.olecjle  . The  only  two  com  erclallv  developed 
highly  fluorinated  polymers,  poly tetrnf iuoroe thy iv.  .c-  ■ nri  oiytri- 
fluoroc  hloroet  ;ylene,  co  show  prom  is  I?  low  tei.g.crnc  n-v  ..  icxi  l illy. 
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Therefore,  there  appears  to  be  a sound  basis  for  expecting 
that  suitable  fluorinated  monomers  can  be  obtained  which  will 
lead  fco  polymers  having  superior  low  temperature  properties. 

There  are  four  general  types  of  polymers  to  be  examined; 

1.  Fluorocarbon  Unsaturates  - These  include  the  mono-  and 
diolefinic  end  acetylenic  fluorocarbons.  Polyethylene  is  not 

a rubbery  polymer;  polyisobutylene , differing  only  in  the  presence 
of  methyl  side-chains,  is  an  elastomer.  Although  polytetraf luoro- 
ethylene  and  polytriflu irochloroethylene  do  not  have  rubbery 
properties,  fluorinated  side  chains  may  impart  flexibility  to 
the  macro-molecule.  The  use  of  polyolefinic  or  acetylenic 
monomers  will  permit  retention  of  unsaturation  in  the  polymer 
and  should  allow  vulcanization  of  the  elastomer. 

2.  Hydrocarbon-Fluorocarbon  Unsaturates  - Compounds  such 
as  CF3- CF2" C ( CH3 ) ■ CH2 , C3F7C02CH-CH2 * etc.,  which  when  polymer- 
ized will  lead  to  hydrocarbon  polymeric  units  containing  fluoro- 
carbon side  chains,  offer  the  possibility  of  a flexible  molecule 
with  substantial  inertness  and  a low  inter-chain  attraction. 
Copolymers  of  unsaturated  fluorocarbons  and  unsaturated  hydro- 
carbons might  also  be  included  in  this  class. 

3.  Hetero-Chain  Type  - For  the  flexibility  characteristic 
of  rubbery  polymers,  relatively  free  rotation  of  at  least  some 
of  the  bonds  in  a polymer  unit  seems  to  be  necessary.  The 
excellent  low  temperature  characteristics  of  the  silicone  lubri- 
cating oils  are  apparently  due  to  the  oxygen  atoms  interpolated 
in  the  main  chain  of  the  polymer.  Through  the  inclusion  of  Ptoms 
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such  as  oxygen,  sulfur,  silicon,  phosphorus  or  nitrogen  in 
the  chain,  it  should  be  possible  to%  vary  the  stiffness  of  the 
polyner  at  lov/  temperature. 

If.  Condensation  Type  - In  this  group  fall  the  polyesters, 
polyamides,  etc.  Several  non-f luorinated  polymers  of  this 
class  have  rubbery  pro;erties;  the  low  inter-chain  attraction 
of  the  fluorocarbons  makes  it  necessary  to  explore  this  realm 
to  determine  whether  the  fluorocarbon  analogues  are  suitable 
elastomers . 


^produced  From 
Copy 
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POLYMERIZATION  STUDIES 


Moat  of  the  fluorocarbon  monomers  investigated  in  this 
program  are  new  materials.  Many  of  them  have  been  prepared  by 
arduous  procedures  which  have  allowed  the  production  of  only 
small  amounts.  In  order  that  the  polymerization  work  would 
not  have  to  await  the  development  of  more  suitable  methods  of 
production,  polymerization  experiments  have  been  adapted  to  a 
semi-micro  scale. 

In  general,  the  procedure  involves  the  addition  of  about 
0.250  g.  of  the  monomer  and  an  appropriate  quantity  of  poly- 
merization initiator  to  a short  ampoule  of  7 nun,  glass  tubing. 

If  co^olymerization  is  being  studied,  the  second  monomer  is 
also  added.  For  emulsion  polymerization  the  medium  and  emul- 
sifier are  included.  Low-boiling  monomers  are  handled  In  a 
vacuum  system. 

The  ampoule  Is  then  frozen  in  Dry  Ice  or  liquid  air, 
evacuated,  rnd  sealed.  The  polymerization  is  carried  out  by 
tumbling  the  aroouie  Ln  a thermostat  at  the  desired  temperature. 
Experimental  polymerizations  of  standard  hydrocarbon  monomers 
indicate  that  the  results  of  this  small-scale  work  can  be  sat- 
isfactorily correlated  wit;  those  obtained  on  a larger  scale, 

3y  proceeding  at  this  icvel,  it  has  been  possible  to  carry 
on  extensive  polymerization  studies  utilizing  only  a few  grams 
of  material,  geanwhlie , other  bections  have  been  engaged  in 
developing  methods  of  producing  the  monomers  so  that  the  material 
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will  be  available  on  a sufficiently  large  scale  by  the  time 
promising  conditions  of  polymerization  have  been  developed. 

Because  of  the  lengthy  names  of  the  monomers,  abbrevia- 
tions have  been  used  in  several  places,  particularly  in  the 
tables.  The  names  of  the  monomers  and  their  abbreviations 
are  listed  her6  for  convenience. 

PEA  1 ,1-Dihydroperfluoroethyl  acrylate 
FPA  1,1-Dihydroperfluoropropyl  acrylate 
FRA  1 ,1-Dihydroperf luorobutyl  acrylate 
FBI.IA  1 ,1-Dihydroperf  luorobutyl  methacrylate 
VFB  Vinyl  perfluorobut yrate 

Perfluoroolef ins 

The  ultimate  in  resistance  to  chemical  attack  and  solvent 
action  in  rubbery  polymers  can  be  expected  from  the  completely 
fluorinated  materials.  For  this  reason,  an  extensive  effort 
has  been  made  to  polymerize  C3F6(CF2"CF-CF3)  and  its  homologs. 
Although  C2?i}.  and  C2F3CI  are  subject  to  free-radical  emulsion 
polymerization,  C3F5  has  been  found  to  be  quite  inert  toward 
this  tye  of  initiation. 

iXimerou?  experiments  have  been  carried  out  with  various 
peroxides,  acids  nnd  bases.  In  most  cases  little  or  no  reaction 
was  observed,  borne  tars  contain '.ng  mere  or  less  fluorine  were 
produced,  but  in  no  case  v;as  any  very  promising  polymer  obtained. 
A summary  of  thiese  experiments  is  given  in  Table  I. 
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Polymerization  Studies  - C3F A 


> 


Catalyst 

Recipe 

Conditions 

Remarks 

( Peroxides) 

Benzoyl  peroxide 


2 g.  C3F6  j 1 • 5/- 

cat . 


Sealed  glass  No  polym. 
tube,  65 °» 

16  hrs. 


Peracetic  acid 

2 g.  C3F6,  2.0% 
cat . 

shaking 

Same 

No  polym. 

t- Butyl  hydroperox- 
ide 

2 g.  C3F6,  1.5% 
cat . 

Same 

No  polym. 

Diethyl  dipercar- 
bonate 

2 Ch  C3F6 
2.0;o  cat. 

Same 

No  polym. 

v-2®2 

3 S«  C3F6 
3 nl . H2O2 

Same 

No  polym. 

Curie ne  hydroper- 
oxide 

^ c3^6 

1.5.0  cat. 

Same 

No  polym. 

Curie ne  hydroper- 
oxide + p-toluene 
sulfinic  acid 

1 P*/  ^;6 
1 0,0  cat. 

Same 

No  polym. 

Cumene  hydroper- 
oxide 

20.2  g.  C3F6, 

0.35  g.  cat . 

Bomb,  125° 
120  psig.  , 

No  polym. 

130  psig., 

13  hrs. shaking 


ha2S203  25  g.  C3F6,  0.5  fj.  750  psig.  No  oolym. 

cat.,  0.5  ::aHS03  125°c..  lj.2  hrs. 

75  g.  K20 


Lauroyl  peroxide 

(Basic  Catalysts) 

c:ia 


35  L’*  O^F^,  0.35  g.  3950  osig.  No  oolyra. 
cat.,  7p  g.  H20  200°,  36  hrs. 


C3P0 


Dark  oil  forms 

Stirred  2 Dari:  oil  j'ctv.s 
hrs.  at  -oOJ 
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TAFTjr  t (Continued) 
Catalyst 

KalIH2 


Recipe 


Conditions 


100  ml.  IIH3 , 0.1  g- 
Pe (NO3) 3 » 10.  9 S* 
C3F6 


Stirred  to- 
re ther  at 
-75°  to  -50° 


Remarks 


Vigorous 
reaction , 
dark  oil 
contai' ing 

P is  formed 


CH3MGI 


CH3KGI 


2 ml.  dihexyl 
ether,  0.5  S» 
CH3KGI * 3 C • 
C3F6 


10  G* 
100  ml 
ether , 


i-n-butyl 


5.8  G • C3F6 


Sealed  tube,  No  yv'j.y'" . 
65°  for 
72  hrs . 


O3F6  bubbled  No  polym. 

through 

original 

sol . at  50° 


(Lewis  Acids) 


H3?0^*3P3 

1.52  g.  C3F6, 

3.3/0  cat. 

Sealed  tube  No  polym. 

at  60 20 
hrs.  shaking 

2CH30iI*EF3 

3.I4.2  g.  C3F6 

1 »9/°  cat  • 

sealed  tube  i.o  polym. 
at  60°,  20 
hrs . shaking 

H3?o^-eF3 

3.30  g.  C3F6, 
2/9  cat . 

Scaled  tube  No  polym. 

at  7 5°.  47 
hrs.  shaking 

(100.-) 

2.87  G-  C3F6 
10#  cat. 

Sealed  tube  No  polym. 

at  75°,  47 

hrs.  shaking 

TiClj^ 

2.59  G»  C3F6, 
5;.'  cat. 

Sealed  tube  No  polym. 

at  75°*  1*7 

hrs.  shaking 

2c:i30’>3P3+?F3 

2.5  g.  C3F6, 

0.2  g.  cat.  ♦ 
0.2  g.  BF3 

Sealed  tube  No  polym. 

at  75°,  47 

hrs.  shaking 

( C5H5 ) Jjbn 

1.0  g.  C3F6, 
0 .02  g • cat . 

5$°,  24  hrs.  No  polym. 

(Emulsion  Folym.) 

K2S2°3 

KaKi.03 

1.67  c-  K2S203 

1.67  S-  Na3NS03 
3 g.  H20,  3 G. 
C3F6 

Sealed  tube , No  polym. 

65°,  l4  hrs. 
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TABLE  I (Continued) 


Catalyst 

Recipe 

Conditions 

Remarks 

K2S2O8,  Na KSO3 

0.4  £•  K2S2O8 

04  C*  NaHS03 

5 6-  H20 
23.8  g.  C3P6 

Bomb,  300 
psig.  85°, 
l4  hrs. 
shaking 

No  polym. 

K2^2°8 » NaHS03 

0.7  e-  K2S2O8 

0.7  g.  NaHSOo 
40  g.  H2O 
49.6  g.7’C3F6 

Bomb,  400 
psig.  100°, 
16  hrs. 
shaking 

No  polym. 

k2s2°8 

0.1  g.  K2S2O3 
0.2  g.  borax, 
20  g.  H2O 

10.5  g.  C3P6 

Bomb,  350 
psig. ,80°, 
23  hrs. 
shaking 

No  polym. 

K2s2°8 

0.1  g.  KpS20Q 
0.25  g.  borax 
2.5  g.  Duponol 
1 g.  h2o 

11.0  g.  C3F6 

Bomb , 400 
psig.  100°, 
16  hrs. 
shaking 

No  polym. 

U.V.  Light) 

3 G.  C3P6 
0.54  £•  biacetyl 

Sealed  tube 
in  weather- 
ometer 

Tube 

exploded 

1.5  g.  C3F6 

0«35  £•  biacetyl 

Sealed  tube 
in  weather- 
oneter 

Tube 

exploded 

m s tr  52-197  l 


10 


m 


It  is  not  unusual  to  find  that  a material  which  polymer- 
izes with  difficulty  can  be  induced  to  enter  into  a copolymer. 
Considerable  experimentation  on  C3F6  in  combination  with  standard, 
readily  polymerizable,  olefins  such  as  styrene,  acrylonitrile, 
etc.,  was  without  sicnificant  success.  It  was  finally  discovered 
that  C3F6  could  be  incorporated  into  copolymers  with  vinyl 
monomers,  such  as  vinyl  chloride,  vinyl  acetate,  or  vinyl  ethers, 
when  free  radicals  were  used  as  a polymerization  catalyst. 

The  experiments  are  summarized  in  Table  II. 
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TABLE  II 


Vinyl  Copolymerization  of  C3F6 


Components 

Condition 

Polymer 

0.5  6*  C3P6 

0.5  6 • styrene 
0.05  g.  t-QjHgOOH 

Sealed  tube 
70°,  16  hrs . 

Polystyrene 

0.5  g.  C3P6 

0.5  g.  C2H3CI 

0.5  g.  t-C^HgCOH 

Sealed  tube 
70°,  16  hrs. 

Polyvinyl  chloride 

0.5  g.  C3P5 

0.5  g.  C2H3O2CCH3 

0.05  g.  t-t^OOH 

Sealed  tube 
70°,  16  hrs. 

No  polymer 

0.5  g.  C3F5 

0.5  g.  c2n302ccH3 

0.05  g.  t-fyHgOOH 

Sealed  tube 
125°,  16  hrs. 

Tacky  polymer 
13*  P 17,»  C3F6 

1.0  g.  C3PQ 

1.0  g.  C2H3O2CCK3 

0.02  g.  Tcn3C02)2 

Sealed  tube 
50°,  18  hrs. 

Clear,  flexible 
1 $)>  C3F6 

1.0  g.  03?^ 

2.0  g.  C2H3C2CCH3 

0.3  c.  (C"3C02)2 

Sealed  tube 
50°,  18  hrs. 

Clear,  flexible 
20,1  C3P6 

1.0  r*.  C3^3 

0.5  g.  C2K302CCH3 

0.015  g.  (c:'3C02)2 

Sealed  tube 
50°,  13  hrs. 

Clear,  flexible 
C3F6 

1 g.  C^F6 
1 g.  C2I-:t.02CCH3 

0.05  g.  £-0/^:9001: 

Sealed  tube 
138°,  16  hrs. 

Dark,  soft 

0.5  C • C3P £ 

1.0  c.  021:3 02 CCH3 
0.05  g.  t-C^OCH 

sealed  tube 
133°,  16  hrs. 

Dark,  soft 
32,.:  C3P6 

52  5.  C3F6 

6 g.  02^:302  CCH3 

0.3  g.  (0:1300272 

Sealed  tube 
50°,  53  hr?. 

Slightly  brittle 
klr>  C3F6 

2 g.  C3P6 

0.5  g.  C2H302CCH3 
0.25  g.  (QzO) 2 

Sealed  tube 
?0°,  4S  hrs. 

26;"  C3F6 
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Components 

0.5  6*  c3f6 
0.5  6-  C2H3O2CCH3 

1.8  cc.  H20 
0.002  g.  K2S2O8 
0.002  s.  UallS O3 

3 g.  C3F6 
0.2  g.  C2H3CI 
0.005  g.  (CH3C02)2 


Condition  Polymer 


Sealed  tube 
75°C. 


Good  latex 
10 % C3F6 


Sealed  tube  White  powder 

50°,  4.8  hrs . 18£  C3F8 


1 g»  O3F8  ' 

1 g.  I-C3F7OC2H3 

0.02  g.  t CH3CO2T2 


50 16  hrs. 


Colorless,  tacky 

57%  C3F6 
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The  vinyl  ethers  appear  to  be  particularly  promising. 

As  is  the  case  with  C3F6  > these  compounds  “.re  normally  inert 
toward  polymerization  by  free  radicals  although  they  can  be 
polymerized  it.  the  presence  of  acids,  such  as  boron  trifluoride, 
a luminum  chloride,  etc.  fixtures  of  perf luoropropene  and  vinyl 
ethers  polymerize  readily  in  the  presence  of  free  radical 
initiators  to  form  copolymers  containing,  in  some  cases,  a 
slight  excess  of  C3F6,  indicating  the  possibility  that  relatively 
highly  fluorinated  polymers  can  be  obtained  from  this  type  of 
reaction. 

General  methods  have  been  developed  for  the  production 
of  terminal  olefins,  such  as  perf lu oropentene-l , perfluoro- 
butene-1,  etc.  The  polymerization  of  these  compounds  is  now 
under  investigation. 

Perf luoroalkyl-Subst ituted  Hydroc.a rbon  Olefins 

Conr.lv.  era  Me  tine  has  been  spent  in  an  attempt  to  prepare 
polymers  containing  uerf luoroalkyl  side  chains,  tvpified  vy 
poly-2-oerf lunropronylproDylene . Some  of  the  experiments  are 
listed  in  Table  III. 
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TABLE  III 


Polymerisation  StnaicG  of  2-Perfluorwpragjrlpvop 

(FPP) 


Catalyst 

Recipe 

Conditionc 

BF^ 

0.2  g.  FPP  ♦ BF3 

BF,  passed 
through  at  -SO® 

0jCHa 

3-4  drope  FPP 
2 ml.  ether  sol. 
0-jCHa 

-80° 

Diethyl 

diper- 

carbonate 

0.5  g.  iw 
0.5  g-  oat. 

Sealed  tube 
106®,  16  hre. 

Ha 

3 drops  FPP 
2 ml.  NH-*  sol. 
of  Ha 

<-40° 

K2Sg0g 

HaHSOj 

1.3  6*  FK5.  2.5  g.  H2O 
0.015  g.  K232°8 
0.015  g.  HaHSO, 

0.05  g.  Duponol  MS 

Sealed  tube 
75®,  20  hrs. 

E2So0g 

HaHSOj 

1.3  g.  FPP,  2.5  g.  H20 

0.015  g.  HgSoOg 
0.015  g.  HaHSO, 

0.05  g.  Duponol  MS 

Sealed  tube 
125®,  18  hre. 
75®,  18  hre. 

K232°S 

HaHSOj 

0.*i  a.  FPP.  2.0  k.  acrylo- 
nitrile.  2.0  g.  H2O,  0.015 
g.  S2S20g.  0.015  g.  HaHSO 3 
.05  g.  Duponol  MS 

Sealed  tubes 

(2)  75°. 

18  hrs. 

K232°B 

NaHSO^ 

0.5  g.  FPP,  2.0  g.  etyrene 
2.0  g.  H?0,  0.015  g.  S2S20g 

0.015  g.  HaHS03,  0.05  g. 
Duponol  MS 

Sealed  tubes 

(2)  75° 

18  hrs. 

H«2s2°^ 

0.5  g.  FPP,  1 g.  H20 
0.1  g.  cat. 

Sealed  tubes 
(2)  50°,  16  his 

Cumene 

Hydroper- 

oxide 

0.5  g.  FPP,  0.007  g-  CHF 

Sealed  tubes 
(2)  50°, 
lb  hrs. 

WA33C  TB.  52 -197  ft  1 IS 


lene 

Results 
Mo  polymer 

Ho  polymer 
Ho  polymer 
Ho  polymer 
Ho  polymer 

Ho  polymer 

Polyacrylonitrile 
with  15b  F 

Polystyrene 

vith<15&  I 

Ho  polymer 

ft 

Ho  polymer 


TABLE  III 

(continued) 

Catalyst 

Recipe 

Conditions 

Results 

InCl3 

0.5  g.  fpp,  0.001  g,  inC‘13 

Sealed  tubes 

(2)  50°, 

16  hrs . 

No  polymer 

Na2S20Q 

0.5  g.  FPP,  0.1  g.  styrene 
0.05  g.  Na2S20g, 

1.0  g.  h2o 

Sealed  tubes 

(2)  50°, 

l6  hrs. 

Polystyrene 
with  <1 % P 

Na2S203 

0.5  g.  FPP,  0.1  g.  acrylo- 
nitrile, 0.05  R.  NapS?0« 
1.0  g.  H20 

Sealed  tubes 
(2)  50°, 

16  hrs. 

Polyacrylonitrile 
with  <1%  p 

Cumene 

hydroper- 

oxide 

0.5  g.  PPP 

0.1  g.  vinyl  acetate 

Sealed  tubes 
(2)  50°, 

16  hrs . 

No  polymer 

Cumene 

hydroper- 

oxide 

1.0  g.  PPP 

0.2  vinyl  acetate 

.015  g.  CHP 

Sealed  tubes 
(2)  125°, 
lo  hrs . 

No  polymer 

Acetyl 

peroxide 

1.0  g,  PPP 
0.25  g.  cat. 

Sealed  tube 
55° , M3  hrs. 

No  polymer 

t- butyl 
hydroper- 
oxide 

1.0  g.  PPP 

0.2  g.  vinyl  acetate 
0.05  g.  cat. 

Sealed  tubes 
(2)  125° 

No  polymer; 
tube  with  vinyl 
acetate  alone 
shows  polymer 

t- butyl 
hydrope  r- 
oxide 

1.0  g.  PPP 

0.2  g.  vinyl  acetate 
0.05  g.  cat. 

Sealed  tubes 
(2)  125° 

No  polymer; 
tube  with  vinyl 
acetate  alone 

shows  polymer 
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As  can  be  seen,  most  of  these  experiments  were  not 
particularly  encouraging.  The  last  two  in  the  table  are 
interesting  in  that  they  show  the  monomer  to  be  reactive  with 
free  radicals,  since  it  is  able  to  inhibit  the  polymerization 
of  otherwise  active  vinyl  acetate.  Work  on  the  polymerization 
of  this  monomer,  which  has  been  inactive  for  some  time,  will 
be  resumed  in  the  light  of  knowledge  gained  more  recently  in 
the  copolymerization  of  C3F6  with  the  vinyl  compounds. 

Perfluorolmlnes 

A novel  class  of  nitrogen- containing  "olefins"  has  been 
developed.  These  are  typified  by  the  formula 

CnF2n+lN“CF2‘ 

Members  of  this  series  with  n » 2,  3 and  1}.  have  been  prepared 
in  sufficiently  large  amounts  for  exploratory  polymerization 
work. 

Since  these  compounds  hydroly7c  rather  rapidly  in  aqueous 
basic  solution  and  at  an  appreciable  rate  in  neutral  solution, 
non-aqueous  conditions  arc  being  examined. 

The  desired  product, 

IF  Jx 

corresponds  to  a saturated  tertiary  fluorocarbon  polyanir.e . 

The  low  molecular  weight  perfluoro  tertiary  amines,  such  as 
(02?^) 3N,  are  unique  in  that  they  possets  no  apparent  basic 
properties.  The  compounds  do  not  dissolve  in  aqueous  acid 
solution,  nor  do  they  form  salts.  They  are  inert  toward  oxidizing 
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agents  and  are  not  affected  by  conditions  less  stringent  than 
those  necessary  to  destroy  the  perf luorocarbons  themselves. 

The  polymer  might  therefore  be  expected  to  have  all  of  the 
stability  of  a fluorocarbon.  Insertion  of  the  nitrogen  atoms 
In  the  chain  should  provide  increased  flexibility,  so  that  the 
low  temperature  properties  desired  may  be  found  in  this  class 
of  polymer. 

Polymerization  of  the  imines  has  been  studied  using  benzoyl 
peroxide,  t-butyl  hydroperoxide,  cumene  hydroperoxide,  boron 
trifluoride-phosphoric  acid,  and  boron  trifluoride-ether  as 
initiators.  There  was  no  significant  reaction  except  with  the 
etherate,  where  a gummy  white  solid  was  produced.  This  appears 
to  be  an  imine-boron  trifluoride  complex. 

Bulk  copolymerization  with  acrylonitrile,  styrene,  vinyl 
acetate,  C3F6  and  C3FyC( CH3) "CHg  has  been  tried,  using  benzoyl 
peroxide  as  initiator  at  75°  • No  reaction  was  observed  with 
the  fluorinated  olefins.  Although  polymers  were  obtained  In 
experiments  with  acrylonitrile,  styrene,  find  vinyl  acetate, 
in  e-c';  case  analysis  showed  the  presence  of  little  or  no 
fluorine  in  the  polymer.  Further  work  on  the  inir.es  is  contem- 
plated because  their  polymers,  If  obtainable,  ought  to  have 
interesting  properties* 

Perflu.-ro  Acrylonitrile 

The  polymers  of  acrylonitrile  have  nroven  extremely 
useful  in  the'- HyuroeaM^-^-ie id . Experiments  h ;ve  been  started 
toward  the  preparation  of  polymers  from  CF2-CF-CN  and  its 
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derivatives.  The  perfluoro  compound  is  far  more  readily- 
hydrolyzed  than  its  hydrocarbon  analog  and  emulsion  polymeri- 
zation in  water  is  difficult  because  of  the  rapidity  of 
hydrolysis.  Experiments  using  the  standard  K^S^Og-sulfinic 
acid-Duponol  i.S  recipes  , reduced  a small  amount  of  granular 
precipitate  with  a fluorine  content  of  $0-60?o,  corresponding 
to  the  theoretical  value  for  uoly-G3F3i.  of  53 • 1]5  fluorine. 

Since  the  initial  monomer  layer  disappeared,  it  Is  assumed 
the  hydrolysis  is  more  rapid  than  polymerization  under  the 
conditions  used. 

Co aol'mier ization  with  styrene  and  with  acrylonitrile  pave 
similar  results,  polymers  being  obtained  in  low  yield  with 
5-105  fluorine  content,  corresponding  to  10-15-  perfluoro- 
acrylonitrile  in  the  copolymer.  Work  is  continuing  with  more 
active  initiators  at  low  temperatures  and  with  non-aqueous 
media. 

Bulk  polymerization  of  perf luoroscrylonitrile  and  copolym- 
erization with  styrene  and  with  acrylonitrile,  in  the  presence 
of  cumene  hydroperoxide  as  initiator,  yielded  polymer  only  in 
tne  case  of  styrene  and  then  in  very  small  amounts.  The 
activity  of  the  fluorinated  monomer  toward  free  radicals  is 
evidenced  by  its  ability  to  impede  the  polymerization  under 
conditi  ;ns  in  which  the  hydrocarbon  olefin  would  normally  be 
polymerized  completely.  In  the  case  of  the  copolymerization 
with  styrene,  the  solid  contained  20-30. o fluorine,  correspond!..; 
roughly  to  a 1:1  copolymer. 
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Further  experiments  along  these  lines  are  planned. 


Vinyl, Perfluorobutyrate  (VFB) 

The  esters  of  hydrocarbon  alcohols  with  completely 
fluorinated  acids  are  characterized  by  very  ready  hydrolysis. 
Exploratory  kinetic  studies  indicate  that  ir.  aqueous  solution 
at  a pH  lower  than  about  6,  the  rate  is  first  order  with 
respect  to  ester  and  independent  of  hydrogen  ion  concentration. 
The  rate  of  hydrolysis  is  about  10,000  times  faster  than  that 
of  ethyl  acetate  under  similar  conditions.  However,  the 
stability  of  polymeric  esters  is  satisfactory,  the  high 
molecular  weight,  with  correspondingly  low  solubility,  having 
decreased  the  rate  of  hydrolysis  to  the  point  where  poly-VFB 
is  stable  to  boiling  v/ater  for  several  hours. 

Polymers  of  C^FyCC^CH-C^  have  been  obtained  from  bulk 
polymerization  with  a peroxide  catalyst.  Both  water  and  forrr.a- 
mide  have  been  us-d  as  a dispersion  medium  for  emulsion  polymeri- 
zation. In  no  case  so  far  has  a latex  been  produced,  although 
with  water  and  a persuil'ate-sulf inic  acid  initiator  system, 
polymer  is  produced  in  coagulum  form.  Activated  aqueous 
recipes  using  iron-sugar  or  ascorbic  acid  result  in  very  low 
yields  of  a weak  polymer.  In  many  cases  the  solid  obtained  had 
a relatively  low  fluorine  value.  Copolynerization  with  vinyl 
acetate  in  fornamide  resulted  in  a polymer  containing  or.ly 

fluorine. 

The  difficulty  of  obtaining  a stable  emulsion  of  fluorinated 
monomer  in  aqueous  oi'  hydrocarbon  type  solvent  may  be  overcome 
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with  long-chain  fluorinated  acids  as  emulsifiers.  An  experiment 
in  which  sodium  pcrfluoroeaprato  was  tried  yielded  a viscous  residue 
of  undetermined  composition.  Further  studies  are  contemplated  using 
initiators  aativu  at  low  toaixiratnra,  m that  tlio  rnto  of  hydrolyoin 

will  not  play  too  large  a role,  and  using  nonaqueous  suspending  media. 

1 . l-Dihy drone rflusro?J-kyl  Acrylates 

The  perfluoro  acids  can  "be  reduced  in  satisfactory  yield  to  the 
1 , 1-dihydroperf luoro  alcohols.  The  eaters  of  these  alcohols  with 
hydrocarbon  acids  have  essentially  the  same  hydrolytic  stability  as 
is  shown  by  the  normal  hydrocarbon  esters.  The  first  three  members 
of  the  series,  1,1-dihydroperfluoroethyl,  propyl  and  butyl  alcohols, 
have  been  converted  to  the  acrylates  Which  have  been  found  to  poly- 
merize. 

The  hydrocarbon  acrylates  for®  polymers  that  are  essentially 
rubbery  in  nature.  The  polyacrylates  of  the  fluorocarbon  alcohols 
are  very  similar  in  properties.  Polymers  have  been  produced  on  the 
250  mg.  level  that  merit  extensive  further  investigation.  In  a 
few  cases  larger  scale  preparations  have  already  been  tried.  The 
polymerizations  in  general  were  carried  out  as  previously  described. 
Approximately  O.25  grams  of  monomer,  0.5  grams  of  water  and  corres- 
ponding quantities  of  initiator,  activator  or  emulsifier  were  sealed 
in  a glas3  tube  of  about  2 cc,  capacity  and  agitated  in  a water  bath. 
All  runs  were  made  in  duplicate  or  triplicate;  they  are  summarized  in 
Table  IV, 


A 
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Polymerization  Studies  of  1 ,1-Dlhydroperfluoroalkyl  Acrylates 


Monomers 

Appearance 
of  Latex 

Appearance 
of  Polymer 

Solubility 
of  Polymer 

Analysis 
of  Polymer 

Remarks 

PBA 

Pale , 

Translucent 

Rubbery,  good 
adhesion  to 
glass 

Monomer  layer 
gone  at  2 hrs. 

FBA»vinyl 

acetate 

Stable , 
slight  pre- 
coagulum 

Rubbery,  but 
stiffer  than 
above . 

27J+/1  F 

Conolete  conv. 
in  IlO  hrs . 

FBA»acrylo- 

nitrile 

Stable 

Hard  powder 

Complete  conv. 
in  8-10  hrs. 

FBA»styre  ne 

Stable 

Hard  powder 

Complete  conv. 
in  8 hrs. 

FBA-VFB 

None 

May  be  only 
poly-FBA. ; 
not  yet 
analyzed 

50^  conv.  in 
8 hrs . 

FEA«  isoprene  Rather  poor 
latex;  par- 
ticles sep- 
arate on 
standing 

Rubbery  but 
very  tacky; 
probably  of 
low  mol.  wt . 

Substantially  . 
complete  conv. 
in  2ij.  hrs . , 
rel.  slow 

FBA«buta- 

diene 

Rather  poor 
latex;  better 
in  appear- 
ance than 
above 

Rubbery, 
snappy, 
probably  of 
rel.  low 
mol . wt , 

High  conversion 
only  after  70  hrs. 

FBA  • C2F^ 

Fair,  of 
normal  opac- 
ity, some 
pre  coagtxLura 

Strong  and 
rubbery 

Pressure  even 
after  20  hrs., 
conv,  •'!  *h  but 
not  complete 

FBA.C3F6 

Lone 

All  tubes  t-xplOueO 
after  vryir.g 
intervals 

PI-A.C2F3CI 

Almost  as 
transparent 
as  water 

Strong,  less 
rubbery  than 
previous  latex 

Conversion  high 
at  20  hrs.,  some 
pressure 
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M momers 

Appearance 
of  Latex 

Appearance 
of  Polymer 

Solubility 
of  Polymer 

Analysis 
of  Polymer 

Remarks 

PPA :FPP 

Clear  liquid 
phase,  slimy 
coag. 

Sol.  KIRK, 
C3F7COOH 

I4 .6%  F;  calc. Maybe  slight 
for  FPA:  copolymer, 

)4.6.5/o  F P analyses 

usually  low 

FBA  :PPP 

it 

Insol.  KIBK, 
sol.  C3P7COOII 

50.5^  P, 

calc,  for 
FBA:  52.3^ 
F 

Probably 
no  copolymer 

PEA: styrene 

Good  latex 

Hard  powder 

Sol.  MIBK 

59.5/0  FLA 
by  F det. 

Probably 
copolymer , 
not  proved 

PEA: acrylo- 
nitrile 

Good  latex 

Hard  powder 

Sol.  :.:ibk, 
KEK  insol. 
be  nze  ne 

60fS  FEA  by  Sol’  y . and 
F det.  analysis 

35*6/3  acrylo.  indicate 
by  K det.  copolymer 

FEA 

Translucent 
latex,  more 
turbid  than 

Strong,  not 
rubbery 

Sol.  KIEK, 
i'.iEK 

34. 3>  F 
calc,  for 
FEA:  37. 0£  F 

PEA- buta- 
diene 

Fair  latex, 
precoag. 

Soft,  tacky, 
low  yield 

Disperses 
in  KIBK 

44. 6£  FEA 
by  F det. 

FEA-  CgP^. 

Translucent 
latex,  pre- 
coag. 

sol.  mibk 

37.6#  F 
37.0%  F 
calc,  for 
FEA 

Very  little 
copolymer 

FEA- C2P3  Cl 

Precoag, 
fair  latex 

t 

Sol.  MIBK 

10. 5/» 

C2F3CI  by 
Cl.  det. 
7k *2%  FEA 
by  F det. 

Probably  not 
copolymer 

FPA-C2F4. 

Translucent  Rubbery 

latex, 

precoag. 

Sol.  IvlEK 

Not  completed 

FPA-C2P3C1 

Translucent 

latex, 

precoag. 

Not  completed 

FPA-buta- 

diene 

Coarse 

dispersion 

Soft, 

tacky 

Swells,  but 
insol.  in 
*•1 1 BK 

Hot  completed  Low  yield, 
darkens  in 
vac.  oven 
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Monomers 

Appearance 
of  Latex 

Appearance 
of  Polymer 

Solubility 
of  Polymer 

Analysis 
of  Polymer 

Remarks 

PBA  (control) Translucent 
latex , UOlilO 

precoag. 

— 

Latex  kept 
for  reference 

PBAJC2P3C1 

Translu cent 
latex,  si, 

preeoag 0 

Disperse  s 
in 

C3F7COOH 

\\2.cjc  C2F3CI 

by  G1  det. 

To  be  used  to 
confirm  pre  vious 
results 

PBAtCjP^ 

Clear  liquid  Rubbery- 

phase  , 

pi*ecoag. 

Sol . 

C3F7COOH 
No  gel 

61.3#  F 
52.3#  calc, 
for  FBA 

C3F6  contained 
6#  C2FI]. 
which  may  have 
polymer 

fba-c2f^ 

Clear  latex 
pro  coag . 

f — 

Forma  vis- 
cous gel  in 
C3F7COOH, 
small  insol. 
fraction 

Not  complete  

PBA-CpF^Cl 

25:75 

Clear  latex 
pre coag. 

$ 

Disperses  in 
C3F7COOH; 
sol  and  gel 
phases 

Not  complete 

> 

PBA- buta- 
diene 

Translucent 
latex, 
slimy  pre- 
coag. 

Loft  but  rub- 
bery, snappy, 
not  tacky. 

Sol.  Benz. 
C3F7COOH, 
1-C1-1-N02 
propane  gel 
present 

Infrared 
indicates 
copolymer; 
# F indi- 
cates 

59  = 5#  FRA 

A good  copolymer; 

promising 

properties 

FBA-C2F3CI 

Clear  latex 
very  si, 
pre coag. 

Turbid  dis- 
persion in 
C3F7COOH 

12.7#  Cl, 

42.0# 

C2F3CI 
fe.2#  F 

Will  be  frac- 
tionated and 
analyzed  if 
possible 

FBAA 

Sol'n,  in 
C3F7CO2H 

Brittle , 
weak 

FBIA-FRA 

Sol’n,  in 

Soft , 

C3F7CO2H  flexible 
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Examination  of  the  polymers  obtained  from  these  experi- 
ments showed  that  most  of  them  are  true  copolymers.  Some, 
however,  can  be  separated  into  sol  and  gel  fractions  of 
different  composition  by  their  solubility  in  perfluorobutyrlc 
acid.  The  trifluorochloroethylene-FBA.  polymer  was  separated 
into  a sol  fraction  of  negligible  fluorine  content  and  a gel 
fraction  which  had  the  same  analysis  as  polymer_^ed  trlfluoro- 
chloroethylene , indicating  that  the  two  monomers  had 
polymerized  separately. 

Polymers  from  the  C2Flj.-heptafluorobutylacrylate  reaction 
could  be  separated  into  a sol  fraction  which  contained  a negligible 
amount  of  C2Flp  and  a gel  fraction  which  contained  61.5#  fluorine. 
Polytetrafiuoroethylene  has  72%  fluorine,  poly-FBA,  5>2$. 

Modification  of  Ilaloethylene  Polymers 

The  two  highly  fluorinated  commercially  available  plastics, 
polytetrafiuoroethylene  and  polytrifluorochloroethylene , present 
many  desirable  proierties.  If  their  less  desirable  characteris- 
tics could  be  modified  by  polymerization  under  somewhat  different 
conditions  than  have  been  used  In  the  past,  materials  of  wider 
applicability  might  be  produced.  Some  experiments  In  this 
direction  have  been  initiated. 

It  would  be  desirable,  for  example,  to  prepare  a stable 
latex  from  these  olefins  instead  of  the  usual  coarse,  granular 
precipitate.  One  method  wo  ild  be  to  carry  out  the  polymerization 
In  the  presence  of  fluorinated  material  as  dispersing  agent  or 
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as  a modifier.  Polymerization  in  the  presence  of  1,1-dihydro- 
heptaf luorobutyl  acetate  or  butyl  perf luoroproprionate  produced 
polymer  suspensions  that  settle  but  which  are  redispersible. 

The  trif luorochloroe thylene  polymers  are  soft  and  pasty,  those 
from  C2Fij.  somewhat  toucher.  Because  of  the  small  scale,  the 
yields  were  quite  poor  and  the  resulting  solid  was  seriously 
contaminated  with  emulsifier.  The  fact  that  the  usual  granular 
precipitates  were  not  obtained  indicates  that  further  work  is 
justified . 

Attempted  copolymerization  of  C2F!j.  with  acrylonitrile 
or  with  styrene  resulted  in  the  formation  of  material  which 
could  be  separated  almost  completely  into  two  polymer  fractions. 
Under  the  conditions  used,  little  or  no  copolymer  was  formed. 
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THE  PROPERTIES  OF  1,1-DI HYDR OPERFLU OK OAJLKYL 


ACRYLATE  POLYMERS 

The  only  polymers  that  have  yet  been  obtained  on  a 
sufficient  scale  to  merit  further  examination  are  those  of  the 
acrylates.  Even  in  this  case  the  quantities  prepared  were 
so  small  that  only  preliminary  examination  is  possible.  Never- 
theless, these  polymers  are  adequate  to  establish  some  guideposts 
in  the  previously  unexplored  field. 

In  the  series  of  homopolymers  PEA,  FPA  and  FBA,  the  turbidity 
of  the  latex  decreases  as  the  fluorocarbon  radical  increases  in 
size;  the  direction  expected,  because  of  decreased  refractive 
index,  as  the  number  of  CF2  groups  is  increased.  The  aqueous 
latices  are  remarkable  for  their  transparency.  The  refractive 
index  of  the  particle  is  so  close  to  that  of  water  that  even 
those  with  30;»  solid  content  are  transparent. 

The  rubbery  nature  of  the  polymer  increases  as  the  fluoro- 
carbon chain  length  increases.  In  the  case  of  hydrocarbon 
acrylates,  the  minimum  brittle  point  is  reached  with  the  eight 
carbon  alcohol. 

The  polymers  are  relatively  stable  toward  combustion. 

While  poly-FEAp  with  37$  fluorine,  burns,  poly-FPA  with  ij.7$ 
fluorine  burns  only  when  adequate  precautions  h-  ve  not  been 
taken  to  remove  the  hydrocarbon  emulsifier.  Poly-FFA , with 
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52%  fluorine,  is  self -extinguishing  when  removed  from  the 
flame . 

The  polyethyl  derivative,  FEA,  is  moderately  soluble  in 
hydrocarbon  solvent u . Tlxo  poly  propyl  derivative,  FPA,  is 
soluble  in  methyl  isobutyl  ketone  and  in  heptafluorobutyric 
acid.  The  polybutyl  derivative,  FBA,  is  insoluble  in  methyl 
isobutyl  ketone  or  any  other  non-fluorinated  organic  solvents. 
The  copolymers,  on  the  other  hand,  acquire  a solubility  in 
hydrocarbon  solvents  corresponding  to  the  amount  of  hydrocarbon 
introduced  into  the  polymer.  The  butadiene-FPA  copolymer  was 
insoluble  in  methyl  isobutyl  ketone , but  exhibited  considerable 
swelling.  The  copolymers  of  FBA  and  butadiene  or  isoprene 
showed  negligible  swelling  and  no  solubility  in  toluene  or  in 
methyl  isobutyl  ketone . 

The  butadiene  and  isoprene  copolymers  with  the  heptafluoro- 
butyl  acrylate  are  particularly  interesting  in  that  they  form 
rubbery  elastomers  even  with  the  relatively  low  molecular  weight 
so  far  achieved.  A few  exploratory  experiments  have  been  made 
in  which  these  copolymers  were  compounded  in  essentially  a tread 
stock  recipe  to  produce  material  resembling  the  corresponding 
product  from  natural  or  GRb  rubber.  The  resistance  to  solvents 
is  exceptionally  good.  The  fact  that  these  particular  recipes 
result  in  a material  of  low  tensile  strength  probably  arises 
from  the  low  molecular  weight  of  the  present  polymer.  Because 
of  the  relatively  high  fluorine  content  of  these  elastomers, 
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it  would  not  be  expected  that  the  standard  compounding  conditions 
would  be  optimum;  the  expounding  and  curing  of  the  polymers  is 
being  studied  further,  for  the  very  small  scale  samples  thus  far 

•pwparad  huvo  not  boon  rdnamto  fox*  extensive  avai.mtion„ 
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Conditions  for  tho  copolymer! zatdon  of  highly  fluorinated  olefins 
have  been  developed.  Unlike  tetrafluoroet fay lane , completely  fluorinated 

olefins  have  proven  to  bo  oxtrownly  reluctant  to  homopnlymerl m 0 

vipyl  esters  of  fluorocarbon  acids  have  been  polymerized  to  elasto- 
meric materials;  the  monomers  hydrolyze  readily  in  water,  however,  and 
their  satisfactory  emulsion  polymerization  is  therefore  complicated. 

The  1, 1-dihydro perfluoroalkyl  eaters  of  acrylic  acid  are  sufficiently 
stable  to  be  polymerized  under  conditions  approaching  those  normally  used. 
Some  of  the  polymers  obtained  are  believed  to  be  high  molecular  weight 
elastomers.  Copolymers  incorporating  butadiene  and  isoprene  have  been 
prepared  which,  after  compounding  and  curing  according  to  standard  tread 
stock  recipes,  have  yielded  apparently  cross-linked  vulcanizates  comparable 
to  those  obtained  from  natural  or  GRS  synthetic  rubbers  - except  that  the 
former  exhibit  considerably  increased  solvent  and  fire  resistance  and 
have  relatively  low  tensile  strength.  Such  copolymer  vulcanizates  of 
1 , 1-dihydropsrf luorobutyl  acrylate  show  particularly  promising  properties. 

Preliminary  experiments  have  indicated  that  perfluoroacrylonitrile 
can  be  both  hotaopolymeri zed  and  copolymerized.  A novel  class  of  unsaturates, 
the  perfluoro inline s,  has  also  been  prepared  and  is  under  investigation. 
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CONCLUSIONS  

In  order  to  make  a start  in  the  field  of  highly  fluorinated 
elastomers  with  desirable  low  temperature  properties,  a great 
deal  of  auxiliary  work  has  been  necessary.  Facilities  for  the 
preparation  of  the  basic  fluorocarbons  had  to  be  expanded  and 
developed.  New  personnel  had  to  be  acquired  and  trained  in 
the  specialized  techniques  of  fluorocarbon  chemistry.  Syntheses 
had  to  be  devised  for  the  monomers,  many  of  which  had  not  been 
previously  prepared.  It  has  been  possible  to  carry  all  of  these 
at  the  same  time  that  the  techniques  of  polymerization  of  these 
fluorinated  materials  were  being  developed. 

Several  basic  assumptions  were  necessary  to  justify  the 
initiation  of  this  work: 

1.  That  monomers  containing  a high  fluorine  cor. tent 
suitable  for  polymerization  could  be  prepared. 

2.  That  these  monomers  when  prepared  could  be  polymerized. 

3.  That  the  resulting  polymers  would  have  desirable  low 
temperature  flexibility. 

The  first  two  assumptions  'rave  been  proven  correct. 

Several  classes  of  monomers,  including  completely  fluorinated 
olefins,  nixed  fluorocarbon-hydrocarbon  olefins,  the  vinyl  esters 
of  fluorocarbon  acids,  the  acrylate  esters  of  fluorocarbon 
alcohols,  perf luoroacrylonitrile , and  perf luoroimincs , have  been 
prepared  in  quantities  'suitable  for  initiating  polymerization 
work.  As  was  anticipated,  the  polymerization  of  these  new  clarse 
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of  material  required  tho  development  of  new  techniques  of 
polymerization.  In  some  cases,  at  least,  these  difficulties 
have  been  overcome  and  polymers  have  been  produced.  Undoubtedly 
iilxo  optimum  conditions  have  not  been  attained,  but  the  value  of' 
work  in  this  direction  has  been  established. 

The  validity  of  the  third  assumption  remains  to  be  proven. 
The  properties  of  the  acrylate  polymers  and  copolymers  prepared 
up  to  this  time  are  sufficiently  Interesting  to  fortify  the 
hope  of  eventual  success.  Copolymers  which  are  capable  of 
vulcanization  have  been  obtained  and  vulcanized.  The  major 
effort  during  the  coming  year  will  be  directed  toward  the 
preparation  of  more  satisfactory  fluorinated  polymers  and  more 
extensive  investigation  of  the  structural  features  necessary 
to  foster  low  temperature  flexibility  in  this  class  of  material. 
In  addition,  the  preparation  of  new  classes  of  monomers  and 
the  extension  of  the  known  members  of  the  classes  already  pre- 
pared will  be  intensified. 
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APPENDIX  1 


Properties  of 

Fluor 0 chemical 

Intermediates 

Formula 

n20 

d! 

C3F7CH2I 

91-91.5/740 

C3F7  C 0 CII  ( C 02  C2H£ ) 2 

121-126/27 

GF3CH2NGO 

55-57/748 

C3F7CH2NCO 

87-90/737 

C3F7  CO2  ( CH2 ) ij.OH 

lU-  llj.3/73  7 

1.3269* 

1.395* 

CF3CO2CH3 

4l-^-3 

C3F7CO2CH3 

79.5  - 80.5 

1.293 

1.463 

C3F7CO2CH-CH2 

78-79/748 

CH2-CHC02CH2CF3 

92/742 

1.3492* 

1.216* 

CH2-CHC02CH2C3F7 

31-32/22 

G2H3C02CH2CF3 

92.0 

1.3492* 

1.216* 

C2H3C02CH2C2F5 

102-103 

1.3375 

1.312 

C2H3C02CI^  C3F7 

122.0 

1.3279 

1.455 

cp‘3Conh2 

7£-iH> 

C3F7CONH2 

10  5** 

CF3CH2NK2 

39-40 

C3F7CH2NH2 

68/743 

1.298 

1.493 

C3F7CH20H 

95/749 

1.2942 

i.6oi 

C3F6 

-30 

C3F7H 

-16  to  -18 

C2F5H 

-49 

* 26° 

**  L ltlng  Point 
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APParlPIX  I (Continued) 


Formula 

b.p.  °G. 

( pe r f luoro imine s ) 

C2F£N  = CF2 

-13.2 

C3F7H  - CF2 

+12.3  " 

C^FqN  - 0F2 

39.0 

( Perfluoroacr jlonitrile ) 

CF2  * CF“  CN 

+I0.2  - 

SECTION  II 


Contract  Period  15  May  1950  to  15  May  1951 
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INTRODUCTION 


Elastomers  make  up  only  a very  smell  fraction  of  the  weight 
of  modern  aircraft*  Nevertheless  the  correct  functioning  of  these 
small  rubbery  parts  is  vital  to  the  operation  of  the  entire  mass 
of  machine.  As  the  requirements  of  modern  design  become  increasingly 
stringent,  the  lack  of  suitable  elastomeric  materials  begins  to  be 
a limiting  factor.  Although  great  progress  has  been  made  In  the 
past  two  decades  in  the  development  of  synthetic  rubbers,  no  mate- 
rial has  yet  been  found  which  satisfies  the  combined  requirements 
of  freedom  from  swelling  in  the  presence  of  hydrocarbon  fluids, 
of  freedom  from  permanent  deformation  under  stress,  ana  ability 
to  operate  satisfactorily  at  the  very  low  temperature  frequently 
encountered  at  high  altitude  as  well  as  at  polar  bases.  In  view 
of  the  major  effort  that  has  already  gone  into  such  studies,  it 
has  become  evident  that  a radically  improved  rubber  can  be  obtained 
only  through  a radically  new  approach. 

One  such  approach  is  the  development  of  an  elastomer  based 
not  upon  hydrocarbons  but  upon  fluorocarbons.  These  compounds, 
which  have  only  recently  become  of  commercial  interest,  comprise 
the  analogues  of  the  well-known  hydrocarbon  families  in  which 
hyurogen  bonded  to  carbon  has  been  substituted  by  fluorine.  This 
exchange  confers  upon  the  molecule  greatly  increased  thermal 
stability  and  resistance  to  attack  by  most  chemicals  ar.u  solvents. 


respite  these  alterations,  the  carbon  skeletons  permit  reactions, 
if  not  identical  with,  at  least  in  many  eases  similar  to  those 
familiar  to  the  organic  chemist.  The  Minnesota  Mining  & Manu- 
facturing Company  has  been  engaged  In  the  development  of  an 
electrochemical  fluorination  process  invented  by  Dr.  J.  H*  Simons 
at  the  Pennsylvania  State  College,  This  process,  which  is  des- 
cribed in  the  J.  Electrochem.  Soc.  95.  47  (1949),  involves  the 
electrolysis  of  a solution  of  an  organic  compound  in  anhydrous 
hydrogen  fluoride.  Through  its  use  a great  variety  of  previously 
unobtainable  fluorochemicals  can  be  prepared.  Study  of  the  reactions 
of  those  compounds  has  been  under  way  for  several  years  at 

In  May  of  1949  the  Company  and  the  Air  kateriel  Command  of 
the  United  States  Air  Force  entered  into  Contract  AF  3 3 ( 03 8 )— 5 1 5 
to  study  the  preparation  and  properties  of  highly  fluorinated, 
rubber-like  polymers  of  potential  value  in  the  Air  Force  program. 
During  the  first  year  the  work  was  primarily  exploratory  in  nature. 
Most  of  the  emphasis  had  of  necessity  to  be  on  the  preparation  of 
new  types  of  monomers,  the  development  of  techniques  of  polymeri- 
zation, and  the  obtaining  of  preliminary  data  on  the  nature  of  this 
type  of  monomer.  During  this  period,  it  was  possible  to  demonstrate 
the  desirability  of  further  study  of  the  preparation  of  fluorinated 
polymers.  Rubber-like  materials  were  prepared  on  a milligram  scale 
ar.d  several  classes  of  interesting  polymers  were  given  preliminary 
evaluation. 

During  the  second  contract  year,  the  period  covered  by  the 
present  report,  it  was  possible  to  put  a greater  emphasis  on  the 
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davalopmcnt  of  the  more  preaiieing  elastomer* , in  xw.*felcul.pr8  t.ba 
lt  l-tUhydroperfluoroalkyl  acrylates.  Some  of  the  types  of  polymers 
which  at  first  appeared  promising  were  found  on  mors  extensive 
study  to  lack  one  or  moi'e  of  the  properties  necessary  to  mast  the 
stringent  requirements  of  the  Air  i'oree. 

Because  of  the  novelty  of  this  whole  field  of  chemistry  the 
possibility  of  obtaining  still  more  suitable  monomers  end  polymers 
Is  vary  high.  Several  new  compounds  have  been  developed  and  the  study 
of  their  polymerisation  characteristics  initiated.  Exploratory  poly- 
merization studies  have  been  valuable  even  when  the  product  was  unsatis- 
factory. So  little  work  has  been  done  in  this  field  that  there  wore 
no  signposts.  Even  at  present  there  are  too  few  data  to  support  firm 
generalizations,  but  at  least  there  are  some.  A stiffening  effect 
of  fluorine  on  the  polymer  backbone  has  been  observed  in  several  cases, 
particularly  in  the  diene  series.  Fluorine  on  the  side  chain  has  not 
produced  so  much  of  an  effect.  On  tha  other  hand,  backbone  fluorine 
seems  to  be  more  effective  in  improving  solvent  resistance.  Until  a 
sufficient  variety  of  polymer  types  has  bean  prepared,  this  exploratory 
work  will  have  to  be  continued.  It  also  appears  desirable,  to  develop 
a satisfactory  polymer,  even  though  it  may  not  be  the  eventual  optimum. 
For  this  reason  much  emphasis  has  been  placed  on  further  studies  of  the 
more  promising  polymers.  Many  interesting  and  potentially  important 
avenues  have  been  passed  over  for  the  present  and  certain  promising 
leads  have  not  yet  been  followed  up,  with  the  understanding  that  more 
time  will  be  available  for  such  work  in  the  future. 
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The  conventional  polymerization  techniques  require  the  use  cf 
rather  large  amounts  of  monomer.  Since  this  program  involves  prep- 
arations which  are  frequently  tedious  anc  very  expensive  in  terms 
of  material  and  manpower,  as  car  he  eypected  it  the  development  of 
new  materials,  rapid  progress  has  been  possible  cr.ty  by  reducing 
exploratory  studies  to  a very  small  scale.  In  the  study  cf  a new 
monomer,  quantities  cf  the  order  cf  ?^0  milligrams  are  sealed  with 
a corresponding  amount  of  comonomer,  with  the  emulator  medium  arc 
emulsifier  in  the  case  of  e.iulsion  polymerization,  arc  with  the 
promoter,  in  short  ampoules  of  7 millimeters  glass  tubirg,  The 
ampoule  is  frozen,  evacuated,  arc,  sealed,  Polymerization  is 
carried  cut  by  tumbling  the  ampoule  in  a thermostat  at  the  desired 
temperature* 

In  this  manner  it  has  been  possible  to  make  the  most  efficient 
use  of  the  facilities  and  manpower.  If  the  preliminary  results  are 
encouraging,  more  effective  methods  of  preparing  the  monomer  are 
developed  and  larger  scale  work  initiated. 

The  chemical  names  of  the  fluorinat.ed  monomers  are  frequently 
lengthy  and  involved.  It  has  been  found  convenient  to  use  abbrevia- 
tions. A table  of  the  monomers,  their  names  and  abbreviaticr.  will 
be  found  at  the  end  of  the  Experimental  section  cf  th.ic  re;  crt. 
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CONDENSATION  POLYMERS 


POLYAMIDES 

The  familiar  polyamides  are  somewhat  crystalline  in  nature 
and  therefore  do  not  make  particularly  satisfactory  rubbers . The 
effect  of  fluorine  substitution  cannot  be  reliably  predicted, 
although  it  may  be  expected  to  reduce  the  interchain  attraction 
of  the  alkyl  portion.  It  was,  therefore,  felt  desirable  to  carry 
on  a few  preliminary  experiments  in  this  class  of  compounds. 

Polyethylene  perf luorosuccinamide  has  been  prepared  by  coi>* 
densation  both  in  bulk  and  is;  solvent.  In  one  experiment,  ?„2  g* 
of  diethyl  perf luorosuccirate  and  0*49  g.  of  ethylene  diamine  were 
dissolved  in  25  cc,  of  dioxane  coded  to  0°C,  The  solution  was 
then  heated  to  refluxing  and  maintained  there  for  6 hours.  The 
white  crystals  that  formed  were  filtered  from  the  solution.  When 
heated,  no  melting  point  was  observed  but  the  material  gradually 
darkened,  as  a result  of  decomposition,  between  200-290°C. 

Polyhexamethylene  perf luorosuccinamide  was  similarly  prepared „ 
Diethyl  perfluorosuccinate,  2,5  g.,  and  polyhexamethylene  diamine, 

1,2  g.,  were  dissolved  in  25  cc,  of  cooled  dioxane.  Reaction  at 
room  temperature  was  rapid  to  form  a white  insoluble  product.  As 
first  formed,  this  material  melted  at  ?05-210°C,  At  this  temperature 
further  polymerization  took  place,  as  evidenced  by  the  increase  in 
viscosity  and  the  liberation  of  ethanol.  Extended  heating  resulted 
in  no  evident  cross-linking,  the  material  remaining  thermoplastic. 
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The  polyamide  appears  to  be  a hard  solid  with  a high  degree  of 
internal  strength.  Fibers,  which  can  be  cold-drawn,  are  formed 

from  the  melt* 

A third  polyamide  was  prepared  from  fc  g.  of  diethyl  perfluoro- 
adipate  and  2.4  g,  of  hexamethylene  diamine  dissolved  in  25  cc.  of 
diethyl  ether.  After  the  solution  had  been  refluxed  for  1 hour,  a 
white  crystalline  product  was  obtained.  This  material  melted  and 
further  polymerization  proceeded  at  slightly  above  the  melting  point. 
Unfortunately  a final  product  was  obtaired  which  was  infusible, 
suggesting  that  cross-linking  had  occurred.  This  may  have  been 
due  to  the  presence  of  Impurities  in  the  starting  material. 

These  results  are  not  particularly  encouraging,  but  the  product 
of  an  oc-oc-6^- Ci-tetrahydroperf luoroaiamire  and  a perfluoro  dibasic 
acid  should  be  studied, 

POLYESTERS 

Several  of  the  known  high  molecular  weight  polyesters  of  the 
hydrocarbon  series  have  somewhat  rubbery  properties.  Fcr  this 
reason,  the  product  of  fluorinated  glycols  and  diesters  have  been 
given  a preliminary  investigation.  The  ready  hycrclyzability  of 
the  monomer  esters  of  the  fluorocarbon  acids  is  well  known.  However, 
the  polyesters,  such  as  ethylene  glycol  diperfluorobutyrate,  glycerol 
triperfluorobutyrate,  and  pentaerythritcl  tetraperfluorobutyrate , 
when  adequately  purified,  have  been  found  to  be  only  very  slowly 
hydrolyzed  by  prolonged  refluxing  with  water.  It  seems  evide* t 
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t L a polyester  of  sufficiently  high  molecular  weight  to  be  an 
elastomer  would  also  have  adequate  hydrolytic  stability# 

A preliminary  direct  esterification  of  ethylene  glycol  by 
pc x*.f luorosmu; inic  acid  ro suited  In  a viscous  liquid  which  did  not 

appear  rubbery,  although  it  may  have  applications  as  a hydraulic 
fl\iid  or  as  a plasticizer. 

An  attempt  to  obtain  a polymer  by  ester  interchange  with 
diethyl  perfluorosuecinate  in  ethylene  glycol  was  unsuccessful. 

Even  in  the  presence  of  zinc  oxiae,  as  catalyst,  the  interchange 
was  prohibitively  slew  and  discoloration  was  evident.  Condensation 
was  carried  out  by  mixing  2.5  g.  of  diethyl  perfluorosuecinate, 

O.b  g.  of  ethylene  glycol,  and  0.001b  g.  of  zinc  oxide.  The  mixture 
was  refluxed  at  170°C,  in  an  oxygen  free  atmosphere  for  lb  hours, 
followed  by  heating  at  0.5  millimeters  for  4 days.  Only  a viscous 
yellow  liquid  was  obtained. 

The  condensation  of  perflucrcadipic  acid  and  1,1,6,6-tetrahydrc- 
perfluorchexanediol-1,6  was  accomplished  by  dissolving  0.?9  g.  of 
perfluoroadipic  acid  and  0,26  g.  of  tetrehydrcperfluorohexanediol-l,b 
in  5 cc.  of  toluene  and  refluxing  until  water  was  no  longer  liberated. 
The  toluene  was  then  distilled  and  the  residue  heated  for  2 days  at 
approximately  170°C,/1  ram,  pressure.  A small  amount  of  a dark, 
rubbery  polymer  was  found.  This  material  became  brittle  after 
several  weeks  at  room  temperature. 

42  ;; 
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The  esterlf ication  becomes  slow  at  a relatively  early  stage, 
and  considerable  difficulty  has  been  encountered  in  the  preparation 
of  polyesters  of  sufficiently  high  molecular  weight.  Tho  conden- 
sation of  0.2  g.  of  perf luorosebacic  acid  and  0.?  g,  of  ethylene 
glycol  at  1?5°C.  for  22  hours,  followed  by  4.5  hours  at  150°C./ 

0.5  mm, , produced  a way-like  polyester  with  a melting  point  of 
about  130aC.  The  direct  esterification  of  perfluoroadlpic  acid 
with  ethylene  glycol  and  diethylene  glycol  proceeded  only  to  the 
stages  of  a viscous  liquid.  An  equimolar  mixture  of  tetrahydro- 
perfluorohexaraethylene  glycol,  HOCH2 (CF2 and  perfluoro- 
adipyl  chloride,  heated  under  anhydrous  conditions  without  solvent 
for  96  hours  at  100°C.,  formed  a viscous  liquid  which  could  be 
converted  to  a waxy  material  by  further  heating  for  48  hours  at 
12 0°C,/0.5  mm.  None  of  these  compounds  is  of  sufficiently  high 
molecular  weight  to  exhibit,  rubbery  properties.  The  viscous  liquids 
are  substantially  non-volatile  and  insoluble  in  hydrocarbon  solvents. 
They  may  be  of  value  as  plasticizers  for  some  of  the  fluorinated 
rubbers. 

PERFLU0R00LEFINS 

An  extensive  investigation  of  the  polymerization  properties 
of  the  higher  perf luoroolef ir.s  indicated  that  they  are  much  more 
resistant  to  free  radical  activation  than  is  C2F4.  Polymerization 
to as  not  initiated  by  acids  or  bases.  Copolymers  could  be  obtained 
with  the  vinyl  ethers,  vinyl  esters,  or  \iryl  chlorides,  in  the 
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presence  of  a free-radieal  polymerization  initiator,  A more 
thorough  study  of  these  systems  was  therefore  made* 

The  simplest  of  the  perfluoroolef ins  copolymerizea  with  the 
vinyl  ethers*  A mixture  of  0.54  g.  of  C2F4,  1.0  g.  of  vinyl 
isopropyl  ether,  and  0.015  g.  of  acetyl  peroxide  was  allowed  to 
react  for  20  hours  at  60°G.  in  an  ampoule.  Analysis  of  the  polymer 
formed  showed  the  presence  of  27$  by  weight  of  fluorine,  corres- 
ponding to  ?5$  copolymerized  C2F4. 

C3Z6 

This  olefin  has  been  given  the  most  thorough  study  with  the 
vinyl  ethers.  It  was  soon  found  that  anomalous  results  were 
obtained  unless  very  special  precautions  were  taken  to  purify 
the  olefin*  The  vinyl  ethers  are  particularly  sensitive  to  homo- 
polymerization  in  the  presence  of  even  traces  of  acid.  Passage 
of  through  aqueous  base  followed  by  drying  over  calcium  sulfate 

results  in  a material  which,  when  sealed  with  vinyl  isopropyl  ether 
in  the  absence  of  peroxide,  forms  no  polymer  after  16  hours  at  65°C, 

A series  of  experiments  was  carried  out  to  compare  the  effi- 

t 

ciency  of  acetyl  peroxide  with  benzoyl  peroxide  as  the  initiator. 
Polymerization  was  carried  out  in  small  sealed  tubes  at  50,  70,  and 
85°C.  for  48  hours,  with  a mixture  of  10  parts  by  weight  of  C^F^, 

1 part  vinyl  acetate,  and  0,1  part  of  Initiator,  Polymers  were 
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obtained  in  70-80/?  yield  with  acetyl  peroxide.  The  fluorine  content 
varied  from  23-30$,  corresponding  to  30-40$  Higher  tempera- 

tures resulted  in  higher  yields  of  polymer  but  the  product  contained 
less  fluorinee  The  use  of  benzoyl  peroxide  resulted  in  only  3 5-45$ 
yields  of  polymer  containing  30-40$  of  C^F^,  Acetyl  peroxide  appears 
to  be  considerably  more  satisfactory,  particularly  at  lower  tempera- 
ture. 

The  effect  of  varying  vinyl  acetate jC^F^  ratios  was  studied. 

With  benzoyl  peroxide  at  a temperature  of  ?0°C,,  a 48-hour  reaction 
period  resulted  in  the  formation  of  50$  polymer  from  a 5*1  olefin: 
acetate  ratio.  A 15:1  ratio  resulted  in  70$  yield.  In  the  first 
case,  25$  was  found  in  the  polymer  and  in  the  second,  33$. 

The  use  of  acetyl  peroxide  at  50°C.  with  a 10s 1 C^F^: vinyl  acetate 
ratio  resulted  in  a polymer  containing  50$  of  copolymerized  C^F^. 
Again  acetyl  peroxide  appeared  to  be  superior, 

I 

In  an  effort  to  avoid  homopolymerization,  the  emulsion  polymeri- 
zation with  vinyl  acetate  was  studied.  The  basic  recipe  consisted  of: 

Vinyl  Acetate  1 g. 

C3F6  10  g. 

Water  20  g. 

^2S2®8  0«1  g* 

To  this  was  added  0.1,  0.2,  0,3,  and  0,4  g,  of  Duponol  MB. 
Polymerization  was  carried  out  at  70°,  No  pronounced  variation 
between  the  various  tubes  was  observed,  the  fluorine  content  of 

vadc  tr  52-197  Ft  l 45 


the  polymers  being  11*13$,  corresponding  to  15*17$  C^F^,  This 
was  substantially  less  than  had  been  found  in  bulk  polymerization. 
The  decrease  can  be  accounted  for  by  the  low  solubility  of  C3F6 

in  tho  medium  and  In  the  micelles  of  the  emulsifier „ 

Attempted  emulsion  copolyraerization  with  vinyl  isopropyl 
other  in  the  presence  of  Buponol  MS  and  KgSoOg-NaHSO^  was  unsuccess- 
ful. With  K2S20g  and  sodium  stearate,  a latex  was  not  obtained  but 
instead  a lump  of  polymer  containing  48$  fluorine,  corresponding 
to  54$  C3F6.  The  results  are  similar  to  those  in  bulk  polymeriza- 
tion and  evidently  no  true  emulsion  was  obtained. 

Basic  recipes  were  also  studied.  In  the  presence  of  borax  a 
polymer  containing  58$  copolymerized  C^Fg  resulted.  In  a series 
of  experiments  with  vinyl  isopropyl  ether,  a recipe  of: 


C3F6 

0.5  g. 

VIPE 

0.5  g- 

h2o 

1.8  g. 

K2S2O8 

0,05  g 

Borax 

0.01  g 

was  used.  From  0,005  to  0.030  g.  of  sodium  stearate  was  added  to 
the  various  tubes.  Agitation  at  65®  for  64  hours  resulted  in  70- 
80$  yields  of  approximately  1:1  copolymers,  although  no  latex  was 
formed  in  any  case. 
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The  vinyl  butyl  ethers  are  apparently  less  sensitive  to  acid 
polymerization.  In  experiments  with  vinyl  n-butyl  ether  and  vinyl 
isobutyl  ether,  polymers  were  obtained  with  37$  fluorine,  corres- 
ponding to  48$  copolymerized  C-^Fg.  A 1:1  mole  ratio  would  result 
in  46$  fluorine. 

Attempts  to  find  additional  monomers  which  would  successfully 
copolymerize  with  C^Fg  were  unsuccessful.  From  bulk  experiments 
with  vinyl  chloride,  acrylonitrile,  styrene,  isoprene,  and  isobutylene, 
polymers  were  obtained  in.  each  case  with  only  relatively  small  amounts 
of  fluorine.  Maleic  anhydride,  dibutyl  ma.leate,  dimethyl  maleate, 
allyl  glycidyl  ether,  and  propylene  oxide  were  also  tried  with  C^Fb. 
Acetyl  peroxide  was  used  as  initiator.  After  50-80  hours  at  tempera- 
tures ranging  from  50-70°C.,  no  polymer  was  obtained, 

a£e 

The  acid  catalyzed  homopolymerization  of  vinyl  ethers  has  been 
found  to  be  even  more  pronounced  with  the  C4  olefins  than  with  C^F^,. 
Preliminary  experiments  with  C4Fg-l  and  vinyl  isopropyl  ether,  in 
which  equal  weights  of  the  two  were  reacted  at  t>0°  in  the  presence 
of  1$  acetyl  peroxide,  resulted  in  a product  which  consisted  of 
two  layers:  an  upper  viscous  liquid  containing  15$  fluorine  (20$ 

C^Fg)  and  a lower  layer  of  white,  brittle  polymer  containing  c0$ 
fluorine  (76$  copolymerized  C^Fg).  A 1:1  mole  ratio  in  this  case 
would  correspond  to  only  68$  C^Fg,  The  lower  layer  therefore 
appears  to  contain  some  C^Fg  units  joined  together  ir  the  polymer. 

4? 
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However , an  attempt  to  repeat  this  experiment  on  a larger  scnlo 
resulted  In  a polymer  containing  only  27%  fluorine* 

A series  of  tubes  were  prepared  containing 


Pei*fluorobutenc=>3 

0*5 

g® 

VIPE 

0.5 

g. 

k2s2o8 

0,005  g 

h2o 

1*8 

e* 

and  either  sodium  stearate  or  Aerosol  OT  to  the  extent  of  0,02  to 
0,08  g.  In  addition  some  of  the  tubes  contained  0,1  g,  of  borax. 

The  tubes  were  agitated  for  60  hours  at  75°C,  In  most  cases  no 
polymer  was  obtained  a In  a few  a very  small  amount  of  p^ymer 
analyzing  30-50$  fluorine  was  formed.  Similar  results  were  obtained 
when  i-C4Fg,  (CF2)2C=CF2,  was  used  in  place  of  the  perfluorobutene-1. 
Both  of  these  olefins  were  somewhat  less  reactive  than  C^Ffc. 


The  more  promising  conditions  were  examined  in  another  series 


of  runs. 


TABLE  I 
Vinyl  Ethers 


Tube  Buffer 


Jisu. 

MyftQF.gr  g 

Catalyst 

& Water 

Emulsifier 

1 

0.5  g.  VIPE 

0.005  g. 
KpSpOs 
0.005  g. 
NaHSO^ 

0.01  g. 

borax 

2.0  g. 

water 

0.02  g.  Na 
stearate 

Ampoule  broke 

2 

0.5  g.  VIBE 
1.0  g.  Ci^Fg-1 

0.005  g. 
KpS208 

0.01  g, 

borax 

2.0  g. 

0,02  g,  Na 
stearate 

Two  liq.  layers; 
small  amt.  white 
powder,  31$  F 

water 


TABLE  I (Cont.) 


Tube 

3 

Monomers 

Catalyst 

Buffer 
& Water 

Emulsifier 

Results 

0.3  g.  VMS 

0.005  g. 

0.01  g. 

0,02  g.  Na 

Two  liq.  layers; 
small  amt.  white 

t«0  go 

borax 

stearate 

4 

0.5  g.  VIPS 

0.005  g. 

2.0  g. 

water 

0.01  g. 

0.0?  gc  Na 

powder*  V/%  F 

Small  amt.  reddish 

1.0  g.  C4P0-I 

k2s?°8 

borax 

stearate 

brown  polymer. 

2. 0 g* 

water 

0.01  g. 
NH4OH 

30$ 

13%  F 

' > 

This  type  of  recipe  does  not  appear  to  be  particularly  effective 
for  emulsion  polymerization  of  the  perfluoroolefin^vinyl  ether 

system. 

Two  attempts  ware  made  to  prepare  olefin-ether  copolymers  of 
low  enough  molecular  weight  to  be  fluid.  Three  grams  of  C^Fg-l, 

1 g.  of  isopropyl  ether,  and  6 g.  of  chloroform  or  carbon  tetra- 
chloride were  allowed  to  react  for  18  hours  at  75°  in  the  presence 
of  0.05  g.  of  benzoyl  peroxide.  In  both  cases  the  residue  after 
removal  of  solvent  and  excess  monomer  was  a black  rubbery  polymer 
containing  only  a small  percentage  of  fluorine.  Apparently  the 
major  reaction  was  a homopolymerization  of  vinyl  isopropyl  ether. 

Attempted  polymerization  with  propylene  oxide  in  a tube;  con- 
taining 1 g.  11-C4F8-I,  1 g.  propylene  oxide  and  0.01  g.  of  acetyl 
peroride  at  55°C*  for  48  hours  was  unsuccessful.  A mixture  con- 
taining 1 g.  of  C4F8-I,  1 g.  of  vinyl  isopropyl  ether,  and  0.0?  g, 
of  acetyl  peroxide  lh  2 g.  of  methyl  perf luorobutyrate  produced  only 
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a tacky  polymer  of  very  low  fluorine  content,  after  18  hours 
heating  at  55° * 

£9£l8=l 

Attempts  have  been  made  to  prepare  polymers  from  the  nine- 
carbon  terminally  unsaturated  olefin,  C^F-^g-1*  Three  small  scale 
sealed  tubes  were  used  with  0*02  g,  of  acetyl  peroxide  as  the 
initiator.  In  one  tube,  1 g.  of  C^F^g-l  was  sealed;  in  the  second, 

0*5  g.  of  CgF-^g-1  and  0,05  g*  of  vinyl  acetate;  in  the  third,  0,5  g, 
of  C^Fjq-1  and  0,05  g,  of  vinyl  isopropyl  ether. 

The  results  were  similar  to  those  observed  for  the  lower  meabers 
of  the  series.  No  homopolymerization  was  observed.  The  vinyl  acetate 
copolymer,  with  a fluorine  content  of  only  20#  (26#  olefin),  was  a 
tough,  white  material.  The  vinyl  isopropyl  ether  copolymer  contained 
26#  fluorine,  corresponding  to  3^  weight  # of  olefin.  It  is  obvious 
that  considerable  homopolymerization  of  the  vinyl  ether  occurs  since 
the  1*1  copolymer  would  contain  66#  fluorine.  Efforts  are  con- 
tinuing to  prepare  the  1*1  copolymer,  which  would  contain  87# 
perfluoroolefin  by  weight  and  would  be  indicative  of  the  ultimate 
results  to  be  obtained  from  this  class, 

PgrflttgrSflJLta].  93 Lg&SS 

A polymer  from  the  perfluoroolefin  just  described  would  contain 
fluorine  both  on  the  side-chains  and  on  the  backbone.  Another  type 
of  polymer,  one  containing  a hydrocarbon  backbone  with  fluorocarbon 
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side-chains,  would  be  obtained  from  the  perfluoroalkyl  olefins 
b-perfluoropropylpropene,  2-perfluorobutyIpropene,  and  2-perfluoro- 
amylpropene.  This  polymer  might  be  characterized  by  the  superior 
.flexibility  of  the  hydrocarbon  backbone  and  still  maintain  the 
solvent  resistance  of  the  perfluoroalkyl  groups, 

Perfluoropropylpropene  did  not  yield  a homopolymer  in  the 
presence  of  either  peroxide  or  boron  trifluoride,  nor  was  polymeri- 
zation observed  with  vinyl  isopropyl  ether  and  acetyl  peroxide. 

When  a mixture  of  1 g.  of  the  olefin,  1 g,  of  vinyl  acetate,  and 
0,02  g.  of  acetyl  peroxide  was  heated  for  60  hours  at  60°  in  the 
small  tube  set  up,  a 73$  yield  of  a polymer  containing  ,*+5?  fluorine 
<57*3$  perfluoropropylpropene)  was  obtained,  A 1:1  mole  ratio 
copolymer  would  contain  4-5#  fluorine. 

The  perfluorobutyl  and  perfluoroamyl  homologues  also  failed 
to  polymerize  in  the  presence  of  acetyl  peroxide.  Copolymerization 
with  vinyl  acetate  under  conditions  similar  to  those  successful  with 
thj  perfluoropropylpropene  were  unsuccessful  in  both  cases. 

Although  polymerization  of  the  perfluoroalkyl  olefins  cannot 
be  given  high  priority,  it  is  hoped  to  resume  work  on  this  type  of 
compound  at  a later  date. 

Fluorine ted  Acrylonitriles 

Perfluoroacrylonitrile,  CF2SSCFCN,  hydrolyzes  quite  rapidly  in 
water  solution  and  hyarolysis  has  been  the  predominant  reaction  under 
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the  conditions  of  emulsion  polymerization  so  far  studied*  Most  of 
the  exploratory  experiments  have  therefore  been  in  bulk* 

Homopolymerization  in  the  presence  of  boron  trifluoride  or 
neotyl  poroxJ.do  htan  boon  essentially  unsuccessful,-,  Tinder  moderate 

conditions  very  small  quantities  of  a very  low  molecular  weight 
material  was  produced*  Under  more  stringent  conditions  the  polymeri- 
zation tube  exploded.  Methyl  magnesium  iodide  in  ether  can  be  used 
as  an  ionic  polymerization  initiator  with  acrylonitrile.  An  experi- 
ment with  Grignard  reagent  as  initiator  for  the  polymerization  of 
perfluorcacrylonitrlle  resulted  in  the  formation  of  fluorine-contain- 
ing, methanol-soluble,  highly  colored  material.  The  product  appeared 
to  be  a result  of  the  addition  of  the  Grignard  reagent  rather  than 
polymerization. 

Several  bulk  copolymer  systems  were  investigated.  The  experi- 
ments involved  equal  weights  of  the  two  substances  in  the  presence 
of  approximately  1$  acetyl  peroxide.  The  tubes  were  maintained  at 
80aC,  for  2 weeks.  The  reactions  with  vinyl  iso^utyl  ether,  perfluoro- 
butyl  acrylate,  C^F^,  and  i-C^Fg  yielded  either  no  polymer  or  one 
which  was  essentially  fluorine  free.  With  isobutylene  a resinous 
poly&er  containing  30$  fluorine  was  obtained.  Vinyl  chloride  yielded 
a polymer  containing  15$  fluorine  and  36$  chlorine. 

Copolymerization  with  vinyl  acetate  was  more  successful.  The 
reaction  was  carried  out  in  a small  tube  with  acetyl  peroxide  as 
catalyst  at  50°.  In  a series  of  experime;  the  weight  ratio  of 


nitrile  to  vinyl  acetate  w as  varied  from  1:1  to  12:1.  Over  this 
range,  the  fluorine  content  of  the  polymer  varied  from  P0$  in  the 
1:1  ratio  to  28$  in  the  12:1  ratio#  The  latter  represents  nearly 
a !*!  mole  ratio#  No  rubber-like  properties  were  observed  in  the 

polymers. 

The  copolymerization  reactivity  of  perfluoroaerylonitrile  is 
similar  to  that  of  the  perfluorooleflns.  All  of  the  materials 
that  have  formed  copolymers  lie  in  the  "low  Q",  non-con jugated 
region  of  the  Price-Alfrey  diagram.  Further  study  of  this  region 
may  be  profitable. 

A related  nitrile,  oc -perf luoropropyl  acrylonitrile,  C^F^CfCN)5 
CH2»  showed  somewhat  higher  reactivity.  Homopolymerization  was  not 
observed  in  a standard  recipe  of: 


oc  -FPAN 
Copolymer 
Water 
huponol  ME 

Borax 


0.125  g. 
0.125  g. 
0.45  g. 
0.0075  g* 
0.0025  g. 
0.0025  g. 


With  styrene  a copolymer  containing  ?1.1$  fluorine  (52.5$  cs-FFAN) 
was  obtained.  With  acrylonitrile  a polymer  containing  11.2$  fluorine 
(22.?$  oc-FPAN)  was  found.  In  neither  case  was  there  evident 
hydrolysis  of  the  nitrile.  Neither  ccpolyraer  shows  elastorneric 
properties. 
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Much  more  encouraging  results  were  obtained  with  butadiene  as 
a comonomer  in  the  above  recipe.  The  materials  were  sealed  in  tubes 
containing  respectively  0,  0,00025,  0.00075,  and  0.00150  g.  of 
tertiary  dodoeyl  mercaptan.  Polymerization  was  carried  out  for 
48  hours  at  55°0» 

The  polymer  prepared  in  the  absence  of  mercaptan  was  ouit.e 
rubbery.  It  contained  61#  by  weight  of  the  nitrile,  Examination 
showed  an  ASTM  brittle  point  of  -40  to  «50°C.  and  a swelling  volume 
of  600#  in  70:30  isooctane: toluene  solvent.  The  polymers  prepared 
in  the  presence  of  mercaptan  appeared  to  be  over-modified.  They 
contained  57#  nitrile  by  weight,  showed  a brittle  point  of  -ho  to 
-50°C.  and  200#  swelling  in  isooctane : toluene . 

FLUORINATED  LIENES 

Although  elastomeric  polymers  have  been,  in  a few  cases, 
prepared  without  the  use  of  conjugated  diene  monomers,  most  of 
the  presently  known  rubbers  contain  a butadiene  derivative  as  one 
component.  Several  members  of  this  class  have  been  studied  in 
homo-  and  copolymer  systems. 

Perfluorobutadlene 

This  mor.cmer  has  beer,  obtained,  with  the  cooperation  of  the 
Air  Force,  from  two  outside  sources:  Purdue  Research  Foundation 

which  is  also  engaged  in  a contract  with  the  Air  Force,  and  the 
M.  W.  Kellogg  Company,  which  is  engaged  in  work  leading  to  fluori- 
nated  polymers  under  the  sponsorship  of  the  quartermaster  Corps;, 

WATO  TR  52-107  H 1 54  I 


Reproduced  From 
Best  Available  Copy 


Hcmopolyraerizatior.  was  studied  in  three  recipes, 

TABLE  II 

Horrcrclymeri^at  ion  cf  Perf luorcbutadlene 


A 

3 

C 

FB 

100 

100 

100 

Vgtsr 

180 

0 

00 

H 

180 

Iupcnol  ME 

l.t 

mm 

3.0 

Na  Perfluorocaprate 

3*2 

m mm 

Nflp s~o p 

0.56 

2.0 

mm 

K2S2°8 

— 

— 

cr  f* 
, • - 

Borax 

0.56 

1.0 

m mm 

! ime 

t days 

t>  days 

4 cuys,  50° 

Temperature 

5C° 

r0° 

.J  days,  o0° 

From  reciyes  A and  B,  small  yields  cf  hard,  resinous  polymers 
were  chaired,  which  contained  cf  the  theoretical  fluorine  content 
of  pnly-FB  in  the  case  of  the  polymer  from  A,  end  P?#  ii;  the  case  cf 
the  polymer  from.  B,  Some  polymer  formed  in  C,  but  these  tubes 
exploded  prematurely. 


Copolymers  with  styrene  and  acrylonitrile  were  prepared  in  the 
following  recipe: 


Perfluorcbutadiene 

Comonomer 

Water 


0.2C0  g. 

o.?.?  g. 
0.45  g. 


Lupcncl  ME 

Na^SoOg 

Borax 


C.0075  g. 


c,oc>:c  p. 

C.^2  5 g. 
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I 2-Ch^orot)erfluorobutadiene 

? 

| This  perhalobutadiene  was  obtained  from  the  Purdue  Research 

, Foundation,  It  appears  to  be  capable  of  both  homo-  and  copolymeri- 

r 

i 

zation.  Bulk  polymerization  in  a sealed  tube  in  the  presence  of  1 % 
acetyl  peroxide  proceeded  slowly.  After  two  weeks  at  80°,  a browr., 
tacky  polymer  had  been  formed  in  poor  yield.  Emulsion  polymerization 
using  a standard  Buponol  ME-K2S20g  recipe  was  allowed  to  proceed  for 
21*  hours  at  55°  and  then  was  heated  for  48  hours  at  100°,  A 
rubbery  polymer  was  obtained  in  poor  yield.  Analysis  showed  the 
presence  of  17#  chlorine,  rather  close  to  the  theoretical  19#. 


Copolymers  with  butadiene  and  1, 1-dihydroperfluorobutyl 
acrylate  are  described  subsequently. 


1-Perf luorooropylbutad lene 


Substitution  of  a terminal  hydrogen  by  a perfluoropropyl  group 
does  not  seem  to  seriously  decrease  the  polymerization  reactivity, 
a recipe  consisting  of 


In 


FPB 
Water 
Dupcr.cl  ME 

Bcrax 


0,?5  e. 

0.4*  g. 
0.0075  g. 

0.002*  g. 

0.0025  g. 
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a good  latex  was  formed  after  5 days  agitation  at  50°  C.  The 
polymer,  after  coagulation,  was  light  colored  and  strong,  but 
showed  only  limited  rubbery  character,  undoubtedly  due  to  excessive 
cross-linking,.  The  58 „hf>  fluorine  content  markedly  affected  solvent 
properties.  Swelling  was  very  slight  in  benzene  and  somewhat  greater 
in  methyl  isobutyl  ketone,  diperfluorobutyl  ether,  and  triperfluoro- 
butylamine,  Perfluorobutyric  acid  softened  and  swelled  the  polymer, 
while  methyl  perf luorobutyrate  resulted  in  a cloudy  dispersion. 

The  experiment  was  repeated  with  the  persulfate  reduced  to 
0,05  parts  per  100  parts  of  monomer  and  with  ? concentrations  of 
tertiary  dodecyl  meresptan  varying  from  0,12  to  0,60  parts  per 
100  parts  of  monomer.  All  of  the  polymers  were  leathery  and  showed 
marked  permanent  set.  The  brittle  temperature  varied  from  -10,  in 
the  absence  of  mercaptan,  to  0 to  +10  in  the  presence  of  the  modifier. 

Copolymerization  with  butadiene  was  studied  In  the  case  of 
several  of  these  fluorinated  dienes  in  modifications  of  the  basic 


emulsion  recipe: 

Fluorinated  Diene 

0,185  g. 

Butadiene 

0.125  g. 

Water 

0,45  g. 

Duponol  ME 

0.0075  g. 

Na2S20g 

0.0025  g. 

Borax 

0.0025  g. 

The  reaction  was  carried  out  in  the  small  sealed  tubes  for  48  hours 
at  55a.  Small  amounts  of  tertiary  dodecyl  mercaptan  were  added  to 
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several  of  the  reactions o In  no  case  was  any  great  change  from  the 
unmodified  polymer  observed.  The  table  below  shows  a few  of  the 
properties  of  the  uncured  polymers. 


TABLE  III 


Butadiene- 

Fluorinated  Butadiene  CoDolvmers 

Comonomer 

$ Comonomer 
. by  Wt. 

Brittle 

Point 

Stiffening 

Point 

$ Swelling  in  70:30 
Isooctane : Toluene 

1-FPB 

57 

-55 

-45 

2000 

CF3 

56 

-30  to  -35 

—25  to  —3® 

300 

CFB 

56 

-30  to  -35 

-25  to  -30 

230 

FB 

40,5 

Not  sufficient  sample 

- 300 

FB 

4l,8 

Not  sufficient  sample 

— 300 

FB 

33.8 

Not  sufficient  sample 

^300 

A comparison  of  the  effect  of  fluorine  on  the  side-chain  and 
fluorine  on  the  backbone  of  the  polymer  may  be  obtained  from  the 
fluoropropylbutadiene  and  chloroperfluorobutadiene  copolymers, 
although  it  must  be  recognized  that  the  structural  characteristics 
are  not  identical,  With  perf luoropropylbutadiene,  the  copolymer 
contained  34,2$  fluorine  located  on  the  side-chain,  2000$  swelling 
was  observed  in  the  isooctane : toluene  mixture.  In  the  case  of  ch'loro- 
perfluorobutadiene,  with  29*8$  fluorine  located  on  the  backbone, 
the  swelling  was  only  300$.  Comparison  of  the  brittle  temperatures 
favors  the  side-chain  location  somewhat.  In  both  instances  the 
properties  are  considerably  less  desirable  than  those  obtained  with 
1,1-dihydroperfluoroalkyl  polymers  of  comparable  fluorine  content. 
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The  copolymer  of  FPB  with  butadiene  Is  firm,  rubbery,  and  very 
tough.  Its  mechanical  properties  as  judged  from  the  uneured  sample 
are  appreciably  better  than  those  of  any  rubbery  polymers  so  far 
prepared  in  this  pro&rn®.  While  its  swelling  volume  is  too  high  to 
satisfy  the  present  rigorous  requirements  without  serious  modifi- 
cation, it  may  be  of  value  in  some  applications* 

The  chloroperfluorobutadiene  and  the  perfluorobutadiene  copoly- 
mers were  somewhat  weak,  although  elastic.  An  effort  is  being  made 
to  prepare  the  butadiene  copolymers  with  the  highest  possible  pro- 
portion of  the  fluorinated  diene. 

UK SATURATED  PERFLPOROALKYL  ESTERS 
Bls-1. 1-Ulhydroperfluorobutyl  Fumarate 

Preliminary  studies  have  been  made  of  the  polymerization 
tendencies  of  the  new  ester,  C3FtCH202CCH=CHC02CH2C3F7.  No  polymer 
was  obtained  from  an  attempted  bulk  polymerization  of  FBF  in  the 


presence  of  2%  acetyl  peroxide  at 

7 5®C.  A sodium  stearate-K2S20g 

emulsion  recipe  failed  to  produce  polymer.  However,  from  an  experi- 
ment in  which 

FBF 

0.5  g. 

VIPE 

0.5  g. 

h2o 

2,0  g. 

^17^3  jj002Na 

0.03  g. 

K2S2°8 

0.05  g. 
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were  sealed  in  a small  glass  tube  at  75°  for  24  hours,  0,5  g.  of 
a clear,  colorless  polymer  containing  46j£  fluorine  was  founds  This 
approximates  the  fluorine  content  expected  for  a isl  copolymer. 

The  reactivity  of  the  fluorinated  fumarate  appears  to  be 
similar  to  that  of  the  hydrocarbon  ester,  in  that  it  shows  little 
tendency  to  homopolymerize  but  does  enter  into  copolymers. 

Several  attempts  were  made  to  copolymerize  FBF  with  C^Fg-l 
in  bulk  and  emulsion  recipes.  No  polymer  was  obtained.  The  non- 
fluorinated  di-r>»butyl  fumarate  similarly  did  not  copolymerize  with 
C^Fg-l.  The  reactivity  of  the  fluorinated  fumarate  with  other 
monomers  will  be  studied. 

It  J-ftOIgWyl  Sprfeatg 

This  is  one  of  the  monomers  studied  in  an  effort  to  prepare 
polymers  with  a hydrocarbon  backbone  and  a fluorinated  side-chain. 

It  was  found  to  homopolymerize  and  copolymerize  readily  in  the 
standard  Buponol  ME-persulfate  recipe,  a good  latex  being  formed 
in  4 days  at  50®C,  Copolymers  with  styrene  and  acrylonitrile  were 
also  prepared. 

The  homopolymer,  which  contained  4l,7jC  fluorine,  92.3#  of  the 
theoretical,  was  a soft  elastic  material  of  relatively  low  molecular 
weight.  The  copolymer  with  styrene,  containing  57.5  weight  % FBS, 
and  with  acrylonitrile,  containing  64,5  weight  % FBS,  both  showed 
limited  rubbery  characteristics.  Severe  cross-linking  did  not  appear 
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to  have  taken  place  despite  the  absence  of  modifier  and  the  extended 
reaction  period. 

The  homopolymcr  was  prepared  on  a somewhat  larger  scale  in  a 
recipe  consisting  of: 


FBS 

1.00 

g. 

Water 

1.80 

g. 

Duponol  ME 

0.03 

g. 

Na2S20g 

0.003 

g 

Borax 

0.001 

g 

Probably  as  the  result  of  the  lower  persulfate  concentration,  the 
polymer  was  firmer  and  had  good  rubbery  properties.  Solvent  resist- 
ance was  promising.  The  brittle  temperature  of  the  uncured  polymer 
was  unexpectedly  high,  appearing  to  be  above  0°C. 

1,1-Dlhydron.erfluorobutyl  Crotonate 

The  reactivity  of  this  unsaturated  ester,  CH3CH“CHC02CH2C3F7, 
appears  to  be  quite  low.  No  homopolymer  was  obtained  with  the 
standard  recipe  after  1 week  at  50®C.  Under  these  same  conditions 
copolymers  were  obtained  with  styrene  and  acrylonitrile,  latices 
being  formed  in  both  cases.  Analysis  indicated  the  presence  of  4j6 
FBC  in  the  acrylonitrile  copolymer  and  lk%  FBC  with  the  styrene. 
Butadiene  copolymers  were  prepared  in  the  presence  of  tertiary 
dodecyl  mercaptan  varying  from  0 to  0.330  parts  of  mercaptan  per 
100  parts  of  monomer.  While  an  increasing  quantity  of  mercaptan 
softened  the  polymer  in  the  expected  manner,  nc  more  than  12%  FBC 
was  incorporated  even  at  the  highest  mercaptan  concentrations, 
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Preliminary  studies  during  the  first  period  indicated  the 
possibilities  of  the  vinyl  perfluoroacyi  esters.  Although  the 
monomers  hydrolyze  -very  rapidly  in  water,  the  polymers  were  suffi- 
ciently insoluble  to  be  classed  as  water  stable,  no  sign  of  hydrolysis 
being  observed  in  boiling  water  after  several  hours,  A series  of 
microscale  experiments  was  carried  out  to  determine  the  copolymeri- 
zation  characteristics  of  vinyl  perfluorobutyrate.  Experiments 
described  in  Table  IV  were  obtained  from  standard  sealed  tube  experi- 
ments with  18  hours  agitation  at  55°C.  The  catalyst  consisted  of 
I; % of  acetyl  peroxide, 

TABLE  IV 


1.0  g.  VFB 

1.0  g.  Acrylonitrile 

1,0  g*  VFB 

1,0  g.  Vinyl  Acetate 

1.0  g.  VFB 

1.0  g.  Styrene 

1.0  g.  VFB 

1.0  g.  Methyl  Methacrylate 

1.0  g.  VFB 

1.0  g.  Vinyl  Acetate 
+2,0  g.  Me  Perfluorobutyrate 
(solvent) 

2,25  g.  VFB 

0.5  g.  Acrylonitrile 


ft.  ytaia 

2LE 

ftvge 

45.0 

7.2 

13.0 

67.0 

26,8 

46,6 

?0.0 

1.6 

2.9 

65.0 

24.9 

45.0 

60.0 

28.2 

52.8 

25.8 

14.5 

26.2 

Results 

_m  Ffltqrg  of,.?i 

3.0  Light  yellov 

6,6  Clear,  toug* 

2,9  Clear,  hard 


brittle 
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TABLE  IV  (Cont.) 


Monomers 

1.4  g,  VFB 

67.9 

g.  Vinyl  Acetate 

1,65  g.  VFB 

3 7.2 

0,5  g.  Styrene 

1.20  g.  VFB 

100,0 

0.5  g*  Methyl  Methacrylate 

Rs  sul  ts 


£l 

% VFB 

Nature  of  Product 

35.1 

63.5 

Clear,  colorless, 

flexible 

30.8 

55*6 

Opaque,  yellow, 
flexible 

VO.O 

54.3 

Opaque,  white,  hard 

Vinyl  perf luorovalerate  and  vinyl  perf luorocaproate  were  also 
polymerized  in  solution.  The  tubes,  containing  3 g.  of  the  vinyl 
esters,  6 g.  of  methyl  perfluorobutyrate,  and  0o02  gs  of  acetyl 
peroxide,  were  shaken  at  55°C*  for  20  hours.  Clear,  extremely 
viscous  solutions  were  obtained  from  which  colorless,  flexible 
films  could  be  cast. 

The  valerate  and  caproate  wepe  also  subjected  to  polymeriza- 
tion in  aqueous  medium.  An  emulsion  recipe  consisting  of* 

Vinyl  Ester  0,?5  g, 

Water  0.4*  g. 

K2S208  0,0025  g. 

Euponol  ME  0,0075  g. 

was  used  with  agitation  for  48  hours  at  45°C.  In  neither  was  a 
latex  formed,  although  a precoagulum  containing  more  than  5 0 % 
fluorine  was  recovered.  Under  the  conditions  of  the  experinents, 
the  ester  was  hydrolyzed  before  it  could  polymerize. 

Suspension  polymerization  was  attempted  in  a recipe  consisting 
of  % 
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Monomer 

0.20 

g. 

Water 

2.00 

g. 

Bentonite 

0,02 

g. 

Diisopropylbenzene 

hydroperoxide 

OoOl 

g. 

Mixtures  were  agitated  at  80°C.  for  24  hours,  With  the  valerate, 
a solid  of  less  than  5#  fluorine  was  obtained.  In  the  case  of  the 
caproate,  a low  yield  of  polymer  containing  fluorine  was 
recovered# 

Very  considerable  improvement  in  techniques  is  necessary  before 
systems  involving  water  can  be  used  with  these  readily  hydrolyzed 
monomers.  It  may  be  desirable  to  further  develop  polymerization 
in  non-aqueous  media# 

Since  the  most  successful  results  were  obtained  in  solution 
polymerization,  a number  of  experiments  were  tried  in  which  a variety 
of  vinyl  esters  were  evaluated.  Benzotrifluoride  and  methyl  perfluoro- 
butyrate  were  indicated  by  preliminary  experiments  to  be  the  most 
promising  solvents.  The  results  are  summarized  in  Table  V. 

WI 

i SalaUfiii  PolypgrJ-z.a.^pp.  FslH&stpssxI. Estate 

. , . Comment 

Polymer  is  white  powder;  melts 
to  clear,  tough  film;  yield 

4?£ 

Light  tan,  brittle,  clear 
solid t yield  58% 

Solution  gelled 


Reaction 


Moporopy 

SsflyaRt 

Cftta^ys.t 

ton*  Ii&§x 

1.0  g. 
VFA 

3.0  g. 
MFB 

0.01  g. 

AC2Q2 

45  ; 

18 

1.0  ge 

VFP 

3.0  g. 

MFB 

0.01  g, 

AC202 

45 

60 

18 

44 

64 
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Reaction 


Honomer 

Solvent 

Catalyst 

Temp . 

Time,  Hrs. 

Comment 

1.0  g. 

3.0  g. 

0.01  g. 

45 

18 

Light  tan,  brittle,  clear 

VFJ 

MFB 

AcnOp 

44 

solids  yield  62$$ 
Solution  gelled 

60 

1.0  g. 

3.0  g. 

0.01  g. 

45 

18 

Light  tan,  brittle,  clear 

vfc6 

MFB 

AC202 

60 

44 

solid: 

Solution  gelled.  Yield  60# 

* 

2.0  g. 

6.0  g. 

0 . 01  g « 

55 

36 

White,  granular  solid,  78# 

V 

VFB 

BTF 

, AC202 

yield 

1.0  g. 

9.0  g. 

0.1  g. 

50 

24 

White,  granular,  brittle; 

i- 

VFB 

MFB 

Ac202 

■* 

melts  to  clear  film;  62#  yield 

i 

t 

2.0  g. 

6.0  g. 

0.01  g. 

50 

?4 

Similar  to  6,  7*  65#  yield 

i 

VFB 

BTF 

AC202 

* 

1.0  g. 

1.0  g . 

0.02  g. 

55 

24 

Low  yield  of  white,  brittle 

>. 

VFB 

BTF 

Bz2°2 

solid  which  melt9  to  clear 
film 

2.0  g. 

5.0  g. 

0*02  g. 

55 

24 

Low  yield  of  slightly  dis» 

i ' 

VFB 

MFB 

Bz202 

colored,  brittle  solid 

v- 

0.5  g. 

3.0  g. 

0.01  £# 

50 

18 

Clear,  colorless,  brittle 

1‘  w*. 

M 

VFB 

MFB 

Ac202 

solid,  fair  yield 

\ •* 

0.5  g. 

9= 

VFA 

£» 

20  g. 

80  g. 

0.2  g. 

50 

30 

10#  yield  of  clear,  very  light 

.»■ 

VFB 

BTF 

AC2O2 

tan  solid 

I- 

1.0  g. 

1.0  g. 

0.02  g. 

50 

24 

White  powder  which  melts  to  a 

t' 

VFA 

BTF 

Ac202 

clear,  tough  film 

1.0  g. 

1.0  g. 

0.02  g. 

50 

24 

Poor  yield  of  clear,  colorless 

- • 

vfc6 

BTF 

AC2O2 

brittle  solid 

1.0  g. 

None 

0.01  g. 

45 

16 

Clear,  brown  semi-liquid 

j 

VFC10 

Ac202 

1.0  g. 

None 

0.01  g. 

4?- 

16 

Clear,  tan,  waxy  solid 

VFC10 

Ac202 

55 

3 

1.0  g. 

1.0  g. 

0.01  g. 

45- 

16 

Clear,  white  powder 

VFC10 

MFB 

Ac2°2 

15 

3 
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A cyclic  ester,  vinyl  perfluorocyclohexyl  carboxylate,  was 
also  studied,  A horaopolyraer  was  prepared  from  a bulk  mixture  of 
1 g.  of  ester  and  0.1  g.  of  acetyl  peroxide,  sealed  in  a tube  for 
16  hours  at  50°C.  Solution  polymerization  was  studied  in  a sealed 
tube  experiment  in  which  1 g.  of  ester,  3 g.  of  methyl  perfluoro- 
butyrate,  and  0,02  g,  of  acetyl  peroxide  were  agitated  for  16  hours 
at  50°C,  The  polymer  in  both  cases  was  similar,  being  a hard, 
clear  solid  softening  above  100° . 

These  polymers  are  extremely  insoluble  in  most  materials, 
Benzotrifluoride  is  an  adequate  solvent  for  polymerization  but 
the  purified,  dried  polymer  cannot  be  redissolved  in  it.  Methyl 
perfluorobutyrate  dissolves  the  polyvinyl  esters  of  the  higher 
perfluoro  acids  but  will  not  redissolve  the  trifluoroacetate. 
Aliphatic  or  aromatic  irocarbors,  nor.-f luorir.ated  esters,  ethers, 
etc.  are  not  solvents, 

Allyl  Perfluorobutyrate 

An  attempt,  was  made  to  decrease  the  brittle  point  of  the  poly- 
vinyl esters  by  interposing  a methylene  group  between  the  carboxyl 
radical  and  the  chain.  Allyl  perfluorobutyrate,  C^FtCOpCI^CH55''  :h2, 
was  found  to  polymerize  and  copolymerize , in  some  cases  in  excellent 
yield.  Rubbery  polymers  have  not  yet  been  obtained;  in  some  cases 
the  materials  are  relatively  soft  or  even  viscous  liquids.  This 
compound  may  be  of  interest  from  the  point  of  view  of  copolymers 
with  the  acrylate  esters  or  in  the  preparation  of  polymeric  plasti- 
cizers, 
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The  results  of  the  initial  studies  are  summarized  in 


Table  VI. 


TABLE  VI 


Poly.merlaatigp 
Emulsion  Recipe 
Monomer  0.25  g. 

Water  0.45  g. 

Luponol  ME  0.0075  g. 

0,0025  g. 


(Samples  agitated  for  5 days  at  50°C.) 


Comonomer 

% F % AFB 

Comment 

None 

No  polymer 

Styrene,  0.125  g. 

1.4  2.7 

Hard,  resinous 

Acrylonitrile,  0.125  g 

. 1.0  1.9 

Hard,  resinous 

Bulk  Recipe 

1%  AC2O2  as  catalyst 

0. 

5 g.  total  monomers 

(Samples 

agitated  for  5 

days  at  50°C.) 

Egjygg.r 

Comonomer 

% F % AFB 

Cpjnmfi^ 

VIBE,  0.125  g. 

37.0  71.0 

Theor.  for  1:1,  37. 6£  F 
oily  liquid 

VIBE,  0.125  g. 

♦ 

No  polymer 

Styrene,  0.25  g. 

8.2  15.7 

Hard,  resinous 

Vinyl  acetate,  0.25  g. 

28.1  56.0 

2 moles  vinyl  acetate 
per  1 VFB  in  polymer 
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TABLE  VI  (Cont.) 

te£a§£  &£  JiJZEL 

Allyl  acetate,  0,25  g. 


Maleic  anhydride, 

0.2!?  g. 

None 


31.6 

47.8  (theory, 
52.3) 


Allyl  acetate  (control) 

0-5  g. 


Comment 
No  polymer 

Viscous  liquid 
Viscous  liquid 

Viscous  liquid 


Por.fluoroalKy],  Acrylates 

By  far  the  greatest  progress  toward  a low  temperature  solvent- 
resistant  rubber  has  been  made  with  the  class  of  compounds  obtained 
from  the  esterification  of  acrylic  acid  with  the  1,1-dlhyoroperfluoi  o 
alcohols,  such  as  CF3CF2CF2CH2OH,  These  alcohols  are  derived  from 
the  perfluoro  acids  by  reduction  of  the  methyl  esters.  The  monomers 
polymerize  rapidly  in  an  essentially  standard  emulsion  recipe.  In 
most  cases,  an  induction  period  of  variable  length,  due  to  traces 
of  oxygen,  is  experienced.  Once  polymerization  is  started,  it 
proceeds  rapidly  and  exotherraally  even  at  an  initial  temperature 
of  30°.  It  is  therefore  difficult  to  maintain  a constant  tempera- 
ture. The  presently  used  recipe  is  illustrated  by  Table  VII.  Five 
separate  reactions  were  carried  out  under  what  were  intended  to  be 
identical  conditions. 


(See  table  on  following  page) 
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TABLE  VII 


Polymerisation  of  FBA 
(FBA:100;  Water :l80;  Luponol  MEsl) 


Induction 


k2s2o8 

__parts 

Period, 

Min. 

Temperature 
Initial  Max. 

% Conversion 
at  2.5  hours 

0.40 

90 

52 

67 

97,1 

0.40 

IPO 

45 

63 

97.3 

0.35 

170 

46 

62 

96.5 

0.35 

145 

46 

64 

98.3 

0,35 

130 

46 

63 

95.1 

The  combined  latices  were  coagulated  by  freezing  and  the  polymer 
was  washed  and  dried.  The  white,  tough,  somewhat  tacky  polymer  had 
an  intrinsic  viscosity,  as  measured  in  methyl  perf luorobutyrate 
solution,  of  £,95.  The  yield  was  478  g,,  96$.  A 440  g.  sample  of 
this  material  was  submitted  to  Wright  Field  for  evaluation  (PO  156, 
Lot  1). 

The  polymerization  is  retarded  by  the  presence  of  mercaptans. 
With  the  standard  recipe,  90%  conversion  is  reached  in  15  to 
20  minutes;  the  presence  of  0,025  parts  of  tertiary  hexadecyl 
mercaptan  per  100  parts  of  monomer  necessitates  60  minutes  for  90 % 
conversion.  The  final  yields  in  both  cases  were  essentially  quanti- 
tative, The  addition  of  the  mercaptEn  also  causes  the  expected 
decrease  in  chain  length.  Where  unmodified  material  has  a viscosity 
above  2.?5»  the  material  prepared  in  the  presence  of  the  t-C^ 
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mercaptan  has  an  intrinsic  viscosity  of  only  1,45.  These  results 
are  very  similar  to  those  found  for  the  unfluorinated  polymer. 

The  studies  of  compounding,  curing,  and  evaluation  are  included 

in  a subsequent  sections 

While  the  solvent  resistance  of  the  unmodified  i, l-dihydro~ 
hepiafluorobutyl  acrylate  polymer  is  more  than  satisfactory,  its 
brittle  point  appears  to  be  inherently  too  high  occurring  at  about 
-20®C.  in  the  uncured  polymer, 

A study  of  various  copolymer  possibilities  is  in  progress, 
aiming  toward  decreasing  the  brittle  point  without  seriously 
decreasing  solvent,  resistance.  Copolymers  were  prepared  with 
1, 1-dihydroperfluorocapryl  and  1, 1-dihydroperfluorohexyl  acrylate. 
The  former  gave  material  which  had  very  poor  properties,  apparently 
from  impurities  in  the  capryl  ester  used  as  starting  material.  This 
reaction  will  be  restudied.  Results  of  the  hexyl  ester  are  reported 
in  the  section  on  curing  and  compounding. 

The  use  of  n-octyl  acrylate  as  an  FBA  comonomer  was  studied  in 
three  experiments,  one  using  a 75*25*  one  using  50*50,  and  one  using 
25*75  mole  ratios  of  the  two  acrylates.  Except  in  the  case  of  the 
75#  n-octyl  acrylate  polymer,  where  the  fluorine  content  was  almost 
double  that  expected  of  the  copolymer  formed  in  ratios  of  the 
reactants,  the  polymer  appeared  to  have  about  the  same  composition 
as  the  monomer  mixture. 
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A methacrylate  ester  was  prepared  from  l»l~dihydroperf luorobutyl 
alcohol  and  polymerized.  The  polymer  turned  out  to  be  a white  powder 
which  was  plastic  rather  than  rubbery.  It  was  soluble  In  methyl 
perfluorobutyrate  and  benzotrifluoride,  but  insoluble  in  acetone, 
methyl  isobutyl  ketone,  dioxane,  and  ehloronitropropane.  Copolymers 
with  FBA  have  not  yet  been  made, 

A number  of  small  scale  attempts  were  made  to  copolymerize  FBA 
with  lsoprene,  dihydrodicyclopentadienyl  acrylate,  2-chloroethyl 
vinyl  ether,  2-chloroperfluorobutadiene,  2-chloroethyl  acrylate, 
and  divinyl  ether  in  order  to  prepare  polymers  with  a double  bond 
or  chlorine  atom  that  would  be  available  for  subsequent  vulcaniza- 
tion, The  copolymers  of  isoprene  and  2-chloroperfluorobutadiene 
were  particularly  promising.  Additional  work  has  been  done  on  these 
two  comonomers.  The  others  will  be  studied  in  more  detail  when  time 
permits. 

The  system,  butadiene :FBA,  has  been  studied  extensively. 

Initial  efforts  were  very  promising.  An  attempt  to  prepare  the 
copolymers  on  a larger  scale  was  less  successful.  It  was  extremely 
difficult  to  reproduce  results  even  under  apparently  identical  con- 
ditions. A series  of  polymerizations  was  carried  out,  in  which 
250  milligrams  of  FBA  was  prepared  in  each  of  the  following  recipes 
and  agitated  in  sealed  tubes  at  50°C.  for  140  hours.  Table  VIII 
summarises  the  results. 

(See  table  on  following  page) 
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TABLE  VIII 

Butadiene sFP A Copolymers 


Butadiene  Water  Duponol  ME 

K2S20g 

*^12 

Mercaptan 

Yield 

mg,. 

.. ..... 



fl*. 

-g- 

Nature  of  Polymer 

125 

0.45 

7.5 

2.5 

0 

50 

Soft,  tacky 

lot) 

0,4? 

7.5 

2.5 

0 

50 

Firm,  tacky 

50 

0.45 

7.5 

2.5 

0 

50 

Firm,  rubbery 

125 

0.45 

7.5 

2.5 

0.001 

0 

— 

*125 

0.45 

7.5 

2.5 

0 

0 

MM 

125 

0.45 

7.5 

1.5 

0 

5'o 

Firm,  rubbery 

**125 

0.45 

7.5 

2.5 

0 

0 

MM 

**125 

0.45 

7.5 

2.5 

0.001 

' 0 

MM 

* 

** 

FHA  Instead  of  FBA 
Isoprene  instead  of  butadiene 

It  seem3  possible  that  this  lack  of  reproducibility  arises 
from  a competing  Diels-Alder  condensation  of  the  butadiene  and 
acrylate,  to  form  a cyclohexenyl  ester.  Not  only  would  this  consume 
the  reagent  but  it  is  possible  that  the  product  would  act  as  a 
polymerization  retarder.  The  decrease  in  molecular  weight  in  the 
low  yield  experiments  and  the  presence  of  an  ester  odor  which  is 
absent  from  those  experiments  in  which  rubbery  polymers  were  obtained 
tend  to  confirm  the  hypothesis. 

Recently  a compound  believed  to  be  this  adduct  has  been 
prepared  by  reacting  5 g*  of  1, 1-dihydroperfluoro  acrylate  with 
1 g,  of  butadiene  in  a sealed  tube  without  catalyst  for  60  hours 

WADC  ffi  52-197  Ft  1 


n 


at  85°.  Fractionation  of  the  resulting  liquid  under  vacuum 
resulted  in  the  isolation  of  a small  fraction  boiling  at  47~58°C./ 

3 mm.  This  material  analyzed  for  k?%  fluorinej  corresponding  to 
about  47  mole  % FBA,  and  had  a refractive  index  of  1B3?80.  The 
effect  of  its  addition  during  the  copolymerization  of  FBA  and 
butadiene  will  be  checked. 

A series  of  smalj,  scale  experiments  in  sealed  tubes  was  carried 
out  to  determine  the  most  suitable  conditions  for  the  consistent 
preparation  of  the  copolymer.  The  recipes  and  results  are  summarized 
in  Table  IX. 

TABLE  IX 

Butadiene-Acrylate  Copolymer izatlon 


Run  2 

Run  3 

Run  4 

Run  5 

Run  6 

Run  7 

H20  g. 

0.45 

0.45 

0.45 

0.45 

0.45 

0.45 

FBA  g. 

0.200 

0.125 

0.125 

0.125 

0.125 

0.125 

BD 

0.050 

0.125 

o.i?  5 

0.125 

0.125 

0.125 

Emulsifier 

g. 

Tupohol  ME 
0.0075 

Luponol  ME 
0.0075 

Luponol  ME 
0,0075 

if 

Na 

stearate 

0.0075 

Na 

stearate 

0.0075 

Nau  11 

stearate 

0.0075 

Na2S208  g« 

.0025 

.002  5 

.0025 

.0025 

.0025 

,.0025 

NaHSO^  g. 

.0025 

v wm 

.002  5 

— 

.002  5 

.0025 

Borax  g. 

— 

.002  5 

.0050 

.0025 

.005 

.005 

Temp.  °C. 

40® 

450 

40® 

4f° 

40® 

40® 

Reaction 
Time,  Hrs. 

1<j 

44 

16 

44 

16 

Ifc 

Results 

Yield 

fair 

latex, 

rubbery 

polymer 

U.5*  F 

Yield  20£ 
poor  poly- 
me  r a nd 
latex 

Yield  b5% 
good  latex, 
strong 
snappy 
polymer, 
28.0^  F 

No 

reaction 

No 

reaction 

Poor 

yield, 

soft 

polymer 
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The  trials  involving  borax  in  the  persulfate sbisulflte  recipe 
appeared  to  give  better  restilts  than  did  the  others « Sodium  stearate 
was  quite  ineffective  as  an  emulsifier  for  this  system.  Recipes 
No«  1 and  4 were  therefore  further  investigated  on  a larger  scale, 
as  summarized  in  Table  X, 


1ABIBL.X 

Butadiene 

ijFBA  CoDolymers 

Run  8 

Run  9 

Run  10 

H20  g. 

3.6 

3.6 

3.6 

FBA  g. 

1.0 

1.0 

1.0 

BD  g. 

1.0 

1*0 

IcO 

Emulsifier  g. 

Duponol  ME  0.06 

Euponol  ME  0.06 

Luponol  ME  0.06 

Na2s2°8 

0.02 

0.02 

0.02 

NaHS03  g. 

0.02 

0.02 

mmmm 

Borax  g. 

0.04 

0.04 

o.o4 

t.-C12 

Mercaptan  g. 

0.001 

-- 

Temp.  °C. 

45° 

450 

450 

Reaction 
Time,  Hrs, 

16 

16 

16 

Results 

Av.  yield  (two 
ampoules):  36$ 
Av.  $F:  24.6 
Rubbery  poly- 
mer of  fair 
prop. 

Av.  yield  (two 
ampoules):  61$ 
Av.  $ F:  ?5.0 
Rubbery  poly- 
mer tougher 
than  8 

Av.  yield  (two 
ampoules):  70$ 
Av.  $F : 26.4 

Good  rubbery 
polymer 

The  copolymers  obtained  from  experiments  8,  9,  and  10  were 
compounded  in  a sulfur-Captax-zinc  oxide  recipe.  Cures  of  30  and 
60  minutes  at  300°F.  appeared  to  be  inadequate;  the  polymers  showed 
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little  change  in  physical  properties  and  had  a swelling  volume  In 
70:30  isooctane : toluene  mixture  of  650-750#.  Additional  curing  for 
90  minutes  at  300°F.  produced  vulcanlzates  with  a swelling  volume 
of  450#  and  ASTM  brittle  temperatures  of  -60  to  -70°C. 


To  determine  the  best  conditions  for  a larger  run,  in  which 
varying  ratios  of  monomers  could  be  studied,  three  emulsion  recipes 
were  tested. 


TABLE  XI 


Butadiene sFBA  Copolymerization  Recipes 


1 

2 

_3_ 

H20 

3.6  g. 

3.6  g. 

3.6  g. 

FBA 

1.0  g. 

1.0  g. 

1.0  g. 

Butadiene 

loO  g. 

1.0  g. 

1.0  g. 

Luponol  ME 

0.06  g. 

0.06  g. 

0.06  g 

Na2S208 

0,02  g. 

0.02  g. 

0.02  g 

NaHSC>3 

0.02  g. 

0.02  g. 

— 

Borax 

0.04  g. 

0.04  g 

Polymer  had  formed  in  all  three  recipes  after  24  hours  at 
42°C,  The  products  from  the  first  two  were  soft,  tacky  and  apparently 
not  homogeneous,  but  that  from  No,  3 was  a firm,  rubbery  product  which, 
after  curing  with  sodium  silicate  for  1 hour  at  150°C,,  produced  a 
vulcanizate  with  a brittle  point  of  -55°C,  and  a swelling  volume  of 
95$  in  a 70:30  isooctane : toluene  mixture. 
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Experiments  were  then  run  using  recipe  No.  3 with  FBAsbutadiene 
ratios  of  1:1  to  *>:1.  The  products  were  isolated  and  cured  in  a 
silicate  recipe  (see  next  section).  The  polymers  which  contained 
to  35$  fluorine  were  strong  and  rubbery.  The  vulcanizates  had 
brittle  temperatures  of  ~b0  to  -70aC.  but  increased  in  volume  in 
the  isooctane i toluene  mixture  by  Il4-l80$.  The  copolymer  with  37$ 
fluorir j had  a brittle  temperature  of  -55°  and  a swelling  volume  of 
only  90$.  This  material,  however,  was  weak  and  apparently  too  highly 
cross-linked.  The  40$  fluorine  polymer  was  so  weak  that  Its 
properties  could  not  be  measured. 

The  use  of  a mercaptan  modifier  introduces  further  complication. 
It  apparently  retards  the  reaction  sufficiently  to  allow  the  Liels- 
Alder  condensation  to  gain  headway.  In  a recipe  which  gave  high 
yields  of  a good  rubber  In  the  absence  of  mercaptan,  the  addition 
of  100  ppm.  of  t.-dodecyl  mercaptan  reduced  the  yield  to  only  5$ 
after  12  hours;  33  ppm.  of  mercaptan  resulted  In  an  80$  yield  in 
10  hours.  The  rubbery  quality  of  both  polymers  was  poor.  In  another 
case  the  following  recipes  were  compared, 

JL  JL. 


Water 

16,2 

16.2 

FBA 

7.5 

7.5 

Butadiene 

1.5 

1.5 

Duponol  HE 

0.27 

0.2? 

Na2S208 

0.09 

0,09 

Borax 

0.18 

0.18 

t,-C'i2  mercaptan 

— 

0.05 
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The  tubes  were  agitated  at  45°  for  5 hours.  Conversion  in  the 
first  case  was  82#  and  the  second  85#.  The  polymer  prepared  in 
the  absence  of  mercaptan  was  a white,  firm,  snappy  material  which, 
when  cured  in  a silicate  recipe,  showed  a brittle  temperature  of 
-40  to  -50aC.  and  a swelling  volume  in  the  isooctane: toluene  solvent 
of  only  70#.  The  product  from  Run  2 was  so  crumbly  that  it  could  not 
be  evaluated. 

An  attempt  to  study  the  properties  of  the  1:1  mole  ratio 
copolymer  as  the  function  of  conversion  produced  erratic  results. 

Four  identical  tubes  were  prepared.  Three  of  these  produced  soft, 
cheesy  polymers  and  the  fourth  a considerably  better  polymer,  for 
no  obvious  reason. 

Assuming  the  Diels-Alder  reaction  to  be  uncatalyzed,  a series 
of  tubes  was  prepared  for  testing  with  higher  persulfate  concentra- 
tion and  lower  operating  temperature.  The  recipe  consisted  of: 


Water  (boiled;  distilled) 

180 

FBA 

83.3 

Butadiene 

16.7 

Duponol  ME  / 

3.0 

Na2S208 

4.0 

2.0 

Tubes  were  agitated  at.  a temperature  of  35°#  Induction  periods 
varied  from  4 to  4-1/2  hours.  In  one  case  a 47#  yield  was  obtained 
at  the  end  of  9 hours  and  in  another  only  a 10#  yield  at  the  end  of 
l4  hours.  The  polymers  contained  from  30  to  3*+  mole  # FBA.  Lespite 
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the  erratic  yields  and  variable  and  excessive  induction  periods,  the 
polymers  obtained  were  of  fairly  high  quality,  indicating  some 
promise  for  this  approach. 

Two  additional  tubes  were  prepared  with  this  same  recipe  except 
that  every  precaution  was  taken  to  exclude  air.  Induction  periods  of 
only  1/2  hour  were  observed.  The  yield  was  83.5  and  81.8$.  The  two 
polymers  differed  somewhat  in  mechanical  properties,  one,  containing 
v 4l.8$  fluorine,  was  rubbery  and  the  other,  containing  44.4$  fluorine, 

was  cheesy.  There  appears  to  be  no  reason  for  the  observed  differ- 
ence, both  tubes  being  charged  and  run  in  the  same  manner.  Some  of 
the  variables  controlling  the  polymerization  of  these  monomers  remain 
to  be  discovered.  Experiments  involving  the  addition  of  various 
amounts  of  the  "Liels-Alder  adduct"  whose  isolation  was  described 
above  may  help  in  unravelling  some  of  these  variables. 

It  appears  probable  that  the  addition  of  sufficient  butadiene 
to  the  1,1-dihyaroperf luorobutyl  acrylate  polymer  to  lower  the 
brittle  point,  satisfactorily  wi]  1 simultaneously  result  in  too  great 
a decrease  in  solvent  resistance.  This  may  be  overcome  by  the  use  of 
other  monomers  either  with  or  without  butadiene.  Fluorinated  monomers 
would  be  particularly  desirable  since  there  seems  to  be  a good 
correlation  between  the  fluorine  content  and  the  resistance  to 
swell,  2-Chloroperfluorobutadiene  was  studied  with  this  in  mind, 

A series  of  small  scale  experiments  was  carried  out  using  a 
standard  redoes 
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Monomer 

H20 

Duponol  ME 
K2S20g 


0.25  g. 
0.45  g. 
0.0075  g. 
0.0025  g. 


Mixtures  were  sealed  and  agitated  in  the  water  bath  under  the 
conditions  indicated  in  the  table  below. 

TABLE  XII 

CFB:FBA  Cppo^ymers 


Monomers 
CFB  FBA 

Reaction 
Conditions 
Time  Temp, 
Hrs.  ®C. 

Analysis 
%F  %C1 

Infrared 

Nature  of  Polvmep 

0.25 

0 

23  at  55 
plus 

42  at  100 

not 

enough 

sample 

17.0 

— 

Rubbery  polymer; 
theo.:  19.0%  Cl; 
yield  poor 

0.125 

0.125 

23  at  55 
plus 

65  at  100 

45.0 

4.0 

appears  to 
be  copoly- 
mer 

Cl  analysis 
corresponds  to 
21%  CFB 

0.188 

0.063 

23  at  55 
plus 

42  at  100 

9.0 

Cl  analysis 
corresponds  to 
47.4%  CFB 

0.06? 

0.188 

23  at  55 
plus 

65  at  100 

45.0 

1.6 

appears  to 
be  copoly- 
mer 

Cl  analysis 
ccrresrcnds  to 
64%  CFB 

0 

0.25 

23  at  55 

-- 

•m  tm 

Control;  polymer!. 

zatior.  is  much  faster 
than  with  CFB  present 


Two  polymer  fractions  were  obtained.  One  was  essentially  a 
precoagulutn,  for  which  the  analyses  are  shown.  The  ether  was  a 
harder  product,  presumably  highly  cross-linked.  These  contained 
0 to  4$  chlorine,  ?0  to  35%  fluorine.  For  comparison,  CFB  contains 
53.2%  fluorine  and  FBA  52.3%  fluorine. 
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Poly«CFB  as  isolated  in  the  first  experiment  is  moderately 
rubbery,  presumably  because  of  early  precipitation  from  the  emulsion,, 
The  copolymers  with  FBA  are  more  resinous  and  cross-linked.  However, 
it  was  felt  that  the  recipe  could  be  revised  to  give  higher  yields 
and  more  rubbery  polymers*  Further  exploratory  experiments  were 
therefore  tried.  These  are  summarized  in  Table  XIII. 

TABLE  XIII 

Polymerization  of  2-Chloroperf luoro  Butadiene 


Monomers 

Ratio 

Polym, 

Method 

$ cj. 

% F 

% CFB 
by  wt. 

Comments 

CFB 

Emulsion 

17 

mm 

85.5 

Low  yield,  rubbery 
polymer 

CFB 

Bulk 

12 

60 

Very  low  yield 

CFB  + Trace 
FBA 

Emulsion 

1.9 

46.0 

9.5 

CFB :F3A 

1:1 

Emulsion 

4.0 

45.4 

20 

CFBsFBA 

1:1 

Emulsion 

0.4 

30-35 

0-20 

Very  small  sample 

CFB :FBA 

3 si 

Emulsion 

5.6 

28 

CFBsFBA 

10 

Emulsion 

1.6 

45.7 

8.0 

CFB  sFBA 

Bulk 

4.0 

49.5 

20 

1 mole  CFB  to 

3 FBA  in  polymer 

1 

CFB: 

acrylonitrile 

Emulsion 

borax 

CFB: 

acrylonitrile 

Bulk 

2.5 

3.2 

12 

Poor  check  between 
and  Cl  analyses 

CFBsFBA: 

iscprene 

48:48: 

4 

Bulk 

3.6 

19 

Soft,  tacky 

CFB :F3A : 

43:43  : 

Emulsion 

7.7 

-- 

41 

Clear,  rubbery 

lscprene  14  borax 
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TABLE  XIII  (Cent.) 


Polyme  % CFB 


Monomers 

Ratio 

Method 

JjSl 

% F 

Comments 

CFB : vinyl 

other 

1:1 

Bulk 

mm 

7 

13 

Tacky,  soft  polymer 

CFB: vinyl 
acetate 

1:1 

Bulk 

mwm 

23.2 

43.5 

Soft,  brown  polymer 

The 

bulk  experiments  ware 

carried 

out  at 

60°  for 

5 days,  in  the 

presence  of  1%  acetyl  peroxide.  Emulsion  polymerizations  were  made 
with  1 % persulfate  and  3#  Duponol  ME,  with  borax  where  indicated. 

Of  particular  interest  are  the  two  runs  in  which  isoprene  was 
present.  These  indicated  that  under  the  proper  conditions  chloro- 
perfluorobutadiene  was  quite  reactive  and  that  it  could  be  incorporated 
up  to  40#  in  a copolymer.  This  was  explored  further  in  a reaction  in 
which  was  used 


CFB 

0.25  g. 

FBA 

0.25  g. 

C5H8 

0.25  g. 

Water 

0.H5  g. 

Duponol  ME 

0.075  g. 

Na?.s2°8 

0.0025  g 

Borax 

0,0025  g 

In  this  case  only  20 % chloropsrf luorobutadiene  was  found  in  the 
polymer,  which  analyzed  b3#  FBA,  17#  isoprene,  and  20#  CFB,  An 
attempt  to  determine  the  brittle  temperature  was  unsuccessful,  but 
the  polymer  appeared  to  he  quite  resistant  to  swelling  in  aromatic 
solvents. 
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Under  similar  conditions  a.  polymer  was  prepared  containing 
64$  IB  A,  22$  CFB  and  13$  BD.  The  unvulcanized  polymer  apjjearad  dead 
and  inelastic;  elongation  was  poor  and  the  brittle  point  was  in  the 
region  of  +5  to  +12°C.  The  value  of  chloroperfluorobutadiene  for 
use  in  low-temperature  polymers  appears  ouestionable. 

The  fluorinated  butadiene,  1-perfluoroprojyl  butadeine,  has  been 
studied  as  a copolymer  with  styrene  but  not  yet  with  a pexaluoroalkyl 
acrylate. 

Another  substituted  butadiene,  GH^=CHCH=CHCNi  is  reported  to 
confer  oil  resistance  when  co polymerized  with  butadiene,  without  impair- 
ing low  temperature  properties.  A small  sample  was  obtained  from  Ur.  C. 
S»  Marvel  of  the  University  of  Illinois.  In  preliminary  experiments  it 
was  found  to  homopolymerize  and  copolymerize  with  FBA  and  with  an  FBA: 
isoprene  mixture.  In  each  case  the  material  was  resinous  rather  than 
rubbery,  indicating  that  too  high  a proportion  of  the  diene  had  been 
incorporated.  The  FBA  copolymer,  containing  31$  fluorine  (corresponding 
to  60$  FBA) , showed  very  slight  swelling.  The  diene  was  considerably 
more  reactive  than  had  been  anticipated.  Further  experiments  are  in 
progress  to  determine  whether  the  incorporation  of  a very  small  amount 
of  1-cyanobutadiene  will  improve  fuel  resistance  without  sacrifice  of 
low  temperature  flexibility. 

Several  of  the  FBA-BD  copolymers  became  brittle  after  prolonged 

% 

standing  in  air  at  room  temperature.  This  is  presumably  due  to  oxida- 
tion of  residual  olefin  linkages;  the  addition  of  antioxidants  will  be 
studied. 
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POLYMER  EVALUATION 


COMPOUNDING  AND  CURING 

The  properties  of  a cured  polymer  are  largely  determined  by 
the  characteristics  of  the  uncured  material.  Tensile  strengths  ar.d 
solvent  resistance  can  be  increased  by  cross-linking.  Brittle  points 
can  be  decreased  to  some  extent  by  plasticization,  A serious  study 
of  the  compounding  and  curing  techniques  will  be  undertaken  only 
when  a base  polymer  which  seems  to  approach  satisfactory  performance 
has  been  developed.  However,  a certain  amount  of  work  at  the  present 
time  is  necessary  in  this  field,  in  order  to  give  some  idea  of  what 
the  finished  product  will  be  like.  Although  one  could  hardly  expect 
conventional  curing  agents  to  be  the  most  satisfactory  in  the  fluori- 
nated  system,  they  provide  a logical  starting  point  for  the  work. 

Only  the  acrylate  polymers  have  been  studied. 

A recipe  consisting  of J * 

Polymer  4 g. 

Triethylene 
tetraraine  0.2  g. 

PbO  0.4  g. 

produced  a rubbery  cure  of  polybutyl  acrylate  in  2 hours  at  ?12°. 
Polyperfluorobutyl  acrylate  treated  according  to  this  recipe  was 
found  to  cure  in  15  minutes  to  a hard,  crumbly  mass  and  in  bO  minutes 
to  a very  hard,  waxy  solid.  The  fluorinated  acrylates  apparently 
cured  a great  deal  faster  than  the  non-f luorinated  analogues.  The 
time  was  cut  down  drastically;  a 2-minute  cure  resulted  in  a product 
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which  was  flexible,  had  little  permanent  set,  a tensile  strength  of 
360  psi  and  an  elongation  of  1000$.  A 5-minute  cure  gave  a tensile 
strength  of  350  psi  and  an  elongation  of  200$* 


A second  recipe, 

Polymer 


**■  g. 


Dichloroquinone 

chlorimine 


0*2  g. 

Pb304  4,0  g, 

SRS  Black  1.2  g. 

produced  a rubbery  cure  of  butyl  acrylate  in  2 hours.  An  attempt 
to  cure  the  polyperfluorobutyl  acrylate  was  a failure. 


Rather  promising  results  were  obtained  from  a recipe  consisting 


1 

s 

f. 

«■ 


of: 


Polymer 

100  parts 

Red  Lead 

10  parts 

p-quinone 

dloxime 

2 parts 

Triethylene 

tetramine 

2 parts 

Magnesium  Oxide 

15  parts 

Ferric  Oxide 

1 part 

At  300°F.,  the  tensile  strength  increased  with  curing  time  to 
90  minutes,  beyond  which  time  flexibility  was  lost,  A 90-minute 
cure  resulted  in  a material  with  the  following  properties: 
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Tensile 
Elongation 
Brittle  Point 
Permanent  set 


Swelling  in  iso- 
cctane : toluene 
84 


1240  psi 

1?5$ 

5°c. 

96$  recovery  frcn  ?5$  ultimate 
elongation 

Scarcely  measurable 


Reproduced  From 
Best  Available  Copy 


On  the  basis  of  these  results,  a 6"  test  slab  of  polyperfluoro- 
butyl  acrylate  was  prepared  and  cured  in  the  recipe  for  105  minutes 


at  300“F,  The  material  was  submitted 

to  Wright  ! 

Field  for  f 

urther 

evaluation.  The  following 

data  concerning  this 

sample  were 

abstracted 

from  a report  of  K.  Bartholomew,  MCKEXM<=.M5488 

, 15  October  1950. 

Immersion  Tests 
Temperature 

Duration 

% Volume 

Brittle 

Point 

Solvent 

®F« 

Days 

Increase 

°F. 

None 

Toluene 

ca.  75 

?.9 

6 

32 

Isooctane 

ca4  75 

2.9 

2 

Acetone 

ca,  75 

2.9 

54 

Bromochlorome thane 
AN-O-366  Hydraulic  Oil 

158 

2.9 

11 

-3 

Di-sec-amyl  sebacate 

158 

2.9 

-3 

Water 

158 

2.9 

11 

“Silicone**  Hydraulic  Oil 

300 

2.9 

Perfluoro  (diethylcyclohexane ) 

1?0 

1 

38 

Perfluoro  (diethylcyclohexane ) 

120 

5 

41 

-61 

Perfluoro  (me thy Ida cal in) 

120 

1 

42 

Perfluoro  (methyldecalin) 

120 

5 

53 

-61 

Fluorolube 

120 

1 

19 

Fluorolube 

120 

5 

26 

-38 

Bis-perfluorobutyl  Ether 

120 

1 

22 

Bis-perf luorobutyl  Ether 

120 

5 

21 

-31 

Tris-perfluorobutylamine 

120 

1 

4 

Tris-perfluorobutyiamine 

120 

5 

12 

-e 
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A 10)6  elongated  sample  of  the  polymer  was  unaffected  by  exposure 
to  0*015)6  ozone  for  1 hour.  Swelling  but  no  disintegration  was 
observed  after  1 week's  immersion  in  red  fuming  nitric  acid  at  room 
temperature.  One  week*s  aging  at  150°F.  in  air  did  not  appreciably 
affect  the  material,  causing  only  a slight  shrinkage  and  a small 
apparent  increase  in  tensile  strength. 

The  particular  polymer  sample  used  was  of  relatively  low  molecular 
weight  and  extensive  curing  was  necessary  to  give  satisfactory  tensile 
strength.  Because  of  this,  the  brittle  temperature  was  raised  from 
approximately  -20  to  +20°C.  Somewhat  more  satisfactory  results  were 
obtained  with  a recipe  using  a smaller  proportion  of  compounding 
ingredients  and  a shorter  curing  time  on  a polymer  of  higher  molecular 
weight.  In  Table  XIV  are  described  the  results  with  poly-FBA,  poly- 
FHA,  copolymers  of  FBA  and  n-octyl  acrylate,  and  an  FBA-FHA  copolymer 0 


lAB&a.  &.y 

Curing  pf  Acrylate  Polymers 


EsIjme 

FBA 

FHA 

FBA: 50 
FHA: 50 

FBA  s 2 5 
n-0A:75 

FBA:50 
n-OA: 50 

FBA: 75 
n-0A:2  5 

Red  Lead 

5 

4 

5 

7 

5 

5 

Paraquinone  dioxitne 

1 

0.8 

1 

1.4 

1 

1 

Triethylene  tetramine 

1 

0.8 

1 

1.4 

1 

1 

MgO 

7.5 

6 

7.5 

11 

7.5 

7.5 

Fe2^3 

0*5 

0*4 

0*5 

0.7 

0.5 

0.5 

T*),  ASTM  briti  le 
temp.  °C« 

-20 

-21 

-26 

-70 

-66 

-51 

Jf  Swelling  in  .70430 

0 

0 

0 

158 

175 

95 

isooctanes  toluene 
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Quantities  were  adjusted  for  the  various  polymers  so  that  they 
would  be  approximately  equivalent  on  a molar  basis.  All  batches  were 
cured  for  90  minutes  at  30Q°F. 

The  brittle  temperature  of  -20°C,  found  for  the  poly-FBA  is 
essentially  the  same  in  this  case  as  that  found  with  the  uncompounded, 
uncured  stock.  Poly-FHA  itself  has  about  the  same  brittle  tempera- 
ture as  poly-FBA  but  the  ^0:^0  mixture  of  the  two  appears  to  be 
somewhat  lower.  The  expected  decrease  in  brittle  temperature  with 
the  inclusion  of  n-octyl  acrylate  was  found.  However,  the  inclusion 
of  even  23%  showed  a drastic  increase  in  swelling# 


Two  silicate  cures  were  tried  on  the 

acrylate  polymer, 

first  consisted  of: 

Polymer 

1.00  g. 

Philblack  A 

0.45  g. 

Lanolin 

0.04  g. 

Calcium  Hydroxide 

0.04  g. 

Sodium  Silicate 

Fentahydrat<~ 

0.10  g. 

Curing  for  45  minutes  at  154°C.  produced 

a vulcanizate  which 

hard  and  inelastic.  Apparently  poly-FBA,  because  of  its  high  density, 
cannot  tolerate  so  large  a proportion  of  carbon  black  as  the  non- 
■ (.uorinated  polyacrylate.  A modified  recipe 


Polymer 

1.00  g. 

Calcium  Hydroxide 

0.04  g. 

Sodium  Silicate 

Pentahydrate 

0.10  g. 

K7 
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a vulcanizate 


was  quite  successful.  After  Hr>  minutes  cure  at  154°c. 
was  obtained  which  showed  P.00%  elongation  and  far  greater  flexibility 
at  room  temperature  than  did  the  polyamide  cure.  The  brittle  point 
was  -25°C.  and  the  tensile  strength  about  720  psi.  A larger  sample 
of  this  material  was  prepared  and  submitted  to  Wright  Field. 

Some  preliminary  studies  have  been  made  on  the  compounding  of 
butadiene  copolymers.  The  sodium  silicate  system  produced  a gum 
vulcanizate  with  an  elongation  of  150$  and  a tensile  strength  of 
870  psi,  A sulfur-zinc  oxide- tetramethylthiuram  disulfide  system 
similar  to  that  which  is  used  in  the  vulcanizing  of  butyl  rubber  pro- 
duced unexpected  difficulties.  The  polymer  broke  down  very  rapidly 
when  milled  with  the  compounding  ingredients,  so  that  at  the  end  of 
15-20  minutes  the  original  firm  polymer  was  pasty  and  sticky.  The 
vulcanizate  was  very  weak,  with  a tensile  strength  of  less  than  150  psl, 
indicating  again  a badly  degraded  polymer. 

Neither  the  silicate  nor  the  polyamide  cure  is  entirely  satis- 
factory, The  silicate  cure  introduces  a water  sensitivity  that  is 
undesirable  for  many  applications.  Further  study  of  compounding 
systems  is  being  continued, 

PLASTICIZATION  OF  POLY-FBA 

While  it  would  be  desirable  to  obtain  a pure  cured  polymer  which 
had  the  desired  brittle  point,  it  may  not  be  possible  to  reach  this 
objective.  Plasticization  offers  a means  of  decreasing  the  brittle 


S'B 
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point  perhaps  10  to  20°  with  relatively  little  effort.  Useful 
compounds  must  be  compatible  with  the  polymer  and  the  curing  system 
and  must  be  insoluble  in  common  solvents e It  is  probable  that  these 
requirements  can  not  be  met  with  low  molecular  weight  compounds. 
However,  in  order  to  determine  some  of  the  characteristics  of  the 
new  polymers,  an  evaluation  of  several  low  molecular  weight  materials 
was  undertaken.  Poly-FBA  was  cured  according  to  the  following  recipe: 

Polymer  100  parts 

Red  Lead  10  parts 

MgO  15  parts 

GMF  2 parts 

F62O3  1 part 

Triethylene  tetramine  2 parts 

Plasticizer  20  parts 

The  raw  materials  were  mixed  on  the  mill  and  the  mass  cured  at  150°C. 
for  35*,f-0  minutes.  Plasticizers  tried  were 

Tris(l, 1-dihydroperfluorobutyl )phosphate 
Triperfluorohexylamine 
Ethylene  Glycol  Perfluorobutyrate 
Glycerol  Triperfluorobutyrate 
Triperf luorobutyl amine  Distillation  Residues 
The  unplasticized  FBA  had  a brittle  temperature  of  -11®C.  The 
plasticized  materials  varied  from  +4  to  -18  in  brittle  point,  with 
the  phosphate  the  only  plasticizer  showing  a significant  lowering. 

The  glycol  and  glycerol  esters  appeared  to  have  a stiffening,  cross- 
linking  effect.  Since  the  above  recipe  appeared  to  lead  to  over- 
curing,  it  was  modified  to: 

WAEC  TR  [>2-107  Pt  1 gg 


Polymer 
Red  Lead 
Mg© 

GMF 

Trie  thy  lane  tetruwliie 

^e2®3 


100  parts 
5 parts 
7,5  parts; 
1*0  part 
1,0  part 
0,5  part 


The  polymer  was  compounded  and  cured  for  90  minutes  at  l^O^C,, 
then  immersed  In  the  plasticizers  until  the  sample  had  reached 
constant  weight  or  had  absorbed  the  desired  amount  of  plasticizer. 


They  were  then  removed,  weighed,  and  the  brittle  temperature  deter- 
mined. The  results  are  shown  in  the  following  table, 

TABLE  XV 

Plasticization  of  Polv-FBA 

Solubility  of 

Cone,  of  Brittle  Tensile  Plasticizer 

Plasticizer  Temp,  Strength  in  70:30 

Plasticizer  Wt.  % _ °C.  psi  Isooctane : toluene 

TrI*-!,,  1-dihydroperf  luoro- 

15 

-2? 

a»» 

No 

butyl  phosphate 

27 

-35 

mm 

Triperfluorohexylamine 

1 

-18 

No 

10 

-34 

mm 

20 

-31 

— 

Ethylene  glycol 

11 

-25 

600 

Yes 

diperfluorobutyrate 

20 

-55 

450 

Glycerol  triperfluoro- 

15 

-22 

was 

Probably  slightly 

butyrate 

28 

-25 

— 

soluble 

Triperf luorobutylamine 

1 

00 

1 

■a 

No 

still  residue 

None 

mm  mm 

-22 

810 

mm 
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Triperf luorohexylamine  was  incorporated  on  the  mill.  The 
quantities  are  somewhat  in  doubt  because  of  the  relatively  high 
volatility  of  this  material.  While  ethylene  glycol  diperfluoro- 
butyrate  gave  the  greatest  decrease  in  brittle  point,  it  was  rapidly 
extracted  by  the  '/Os  30  isooctanes  toluene  mixture,  as  shown  by  an 
increase  in  brittle  temperature  of  one  sample  from  -35  to  -23  after 
72  hours  contact  with  the  solvent.  Triperf luorohexylamlne  reached 
a constant  weight  in  contact  with  the  isooctane s toluene  only  after 
4-20  hours  during  which  time  the  brittle  temperature  increased  from 
-34  to  **26,  While  higher  molecular  weight  fluorocarbons  would  be 
satisfactory  from  the  standpoint  of  solubility  in  isooctane s toluene, 
it  is  probable  that  compatibility  will  be  low.  More  satisfactory 
results  may  be  expected  from  some  of  the  liquid  fluorinated  polymers 
which  have  been  prepared. 

Two  linear  polyesters,  one  from  ethylene  glycol  and  perfluoro- 
succinic  acid,  the  other  from  ethylene  glycol  and  perfluoroadipic 
acid,  were  tested  with  both  the  polyamine  and  sodium  silicate  cures. 

In  each  case  severe  bubble  formation  occurred  in  the  polymers  during 
cure,  presumably  because  of  further  condensation  of  the  polyesters. 
Moreover,  it  was  found  the  silicate  cure  was  almost  entirely  inhibited, 
the  polyester  reacting  more  rapidly  with  the  alkaline  curing  agent 
than  did  the  polymer.  The  polyesters  may  be  satisfactory  in  a differ- 
ent curing  system. 

One  peculiar  property  of  the  poly-FBA  should  be  mentioned,  A 
sample  which  had  been  cured  in  a silicate  recipe  with  the  inclusion 
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of  5%  by  weight  of  Phllblack  A was  tested  on  the  B ashore  resilloraeter. 
A resilience  value  of  10$  on  this  instrument  was  found.  Such  a low 
value  would  Indicate  the  usefulness  of  this  polymer  In  applications 
for  the  deadening  of  mechanical  or  acoustical  vibration. 
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SIKMAKT  and  CONCLUSIONS 

Exploratory  preparations  of  fluorine-containing  polyamides  and  polyesters 
may  be  of  interest  as  fibres,  films  or  plasticizers  for  fluoridated  elastomers. 
They  are  not  ■very  rubbery,  however,  and  lack  low  temperature  flexibility  so 
would  be  of  little  or  no  value  as  rubber  c cm  pounds  of  themselves.  A few  un- 
explored types  are  yet  to  be  studied;  the  effect  of  higher  molecular  weight  on 
polymer  properties  also  merits  investigation. 

No  homo polymers  could  be  prepared  from  the  parfluoro-olefins  but  en  extensive 
survey  has  been  made  of  their  copolymers  with  vinyl  ethers;  these  were  found  to 
he  auite  stable  and  resistant  to  solvents,  but  also  soft  rather  than  rubberlike. 
Except  for  the  preparation  of  a copolymer  of  very  high  fluorine  content,  there 
appears  to  be  little  justification  for  further  work  on  this  particular  system. 
However,  attempts  to  develop  other  perfluoro-olefin  copolymers  and  to  prejiare 
homo  polymers  will  continue. 

Jluorinated  acrylonitriles  have  been  examined  only  in  a preliminary  fashion 
hut  further  study  is  encouraged  by  preparation  of  a copolymer  of  butadiene  and 
2-perf luoropro pyl  acrylonitrile  which  combines  rubber  properties  with  moderate 
solvent  resistance  and  a brittle  temperature  below  -4o°C. 

Three  fluoridated  butadienes,  namely  perfluorobutadiene,  2-chl ore perfluoro- 
butadiene  and  1-perfluoropropylbutadiene  have  been  both  hom;x>lymerized  and 
copolymerised.  Although  their  homopolymers  are  of  doubtful  value  because  of 
high  brittle  points,  these  dienes  may  be  useful  as  copolymer  components  since 
they  should  permit  cross-linking  by  conventional  vulcanizing  agsnts. 


WADC  TR  52-197  Pt  1 


93 


I 

£ 


Vinyl  perfluoroacyl  esters  have  been  found  to  polymerize  readily  to  form 
resinous  or  plastio  rather  than  elastomeric  products*  Further  investigation 
of  this  class  of  monomers  does  not  appear  to  be  justified. 

Preliminary  studies  of  the  1 ,1-dihydroperfluoroalkyl  fumarates,  sorbates 
and  crotonates  confirmed  difficulties  anticipated  in  connection  with  the  homo- 
polymerization  and  copolymerization  of  these  relatively  unreactive  monomers. 
Further  work  will  be  considered  as  new  methods  or  monomers  become  available 
but  no  intensive  investigation  is  presently  indicated. 

The  esters  of  acrylic  acid  with  1 ,1-dihydroperfluoroalkyl  alcohols  represent 
the  most  promising  class  of  monomers  examined  and  studies  in  this  area  constitute 
the  major  part  of  the  past  year’s  effort.  1 , 1-Dihydroperfluorobutyl  acrylate 
has  received  particular  attention;  this  monomer  readily  forms  a rubbery  homcpoJym 
which  is  almost  completely  resistant  to  swelling  by  aoueous  and  non-fluorinated 
organic  solvents  at  ordinary  temperatures.  The  brittle  point  of  the  homopolymer 
is  about  -20°C;  this  appears  to  be  close  to  the  minimum  for  the  homologous  series 
It  has  been  lowered  by  the  use  of  various  hydrocarbon  comonomers,  although  at  the 
expense  of  solvent  resistance.  Butadiene  has  proven  inadequate  when  used  as  a 
sole  comonomer  but  promising  results  have  been  obtained  with  butadiene-containing 
terpolymer  systems.  Intensive  efforts  are  being  m;le  to  obtain  a satisfactory 
balance  between  the  low  temperature  brittle  point  and  solvent  resistance  by  such 
internal  plasticization,  but  the  use  of  a plesticizer  as  a compounding  ingredien- 
may  ultimately  be  necessary  to  attain  a sufficiently  low  brittle  point.  Choice 
of  a plasticizer  will  depend  to  a large  extent  on  the  compounding  recipe  and 
curing  conditions,  but  a modicum  of  exploratory  work  has  been  undertaken  to 
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examine  the  compatibility  and  efficiency  of  some  of  the  simple  fluorocarbon 
derivatives}  the  1,1-dihydroperfluoroalkyl  phosphates,  for  example,  were  found 
to  be  compatible  but  did  not  markedly  lower  the  brittle  temperature  - the  low 
molecular  weight  polyesters,  on  the  other  hand,  sees  to  b#  more  effective  but 
roquirn  bob  curing  rooipoB<.  Soft,  fluorlno«oont.ftining  polymers  such  as  poly- 
(allyl  parfluorobutyrate)  may  also  be  of  interest  as  plastioizers.  A rubber 
compound  which  is  flexible  at  low  temperatures  because  of  the  nature  of  its 
base  polymer  is,  of  oourse,  much  to  be  preferred  over  one  which  must  be  plasticized 
to  develop  the  proper  degree  of  flexibility. 

Little  emphasis  has  been  plaoed  on  compounding  and  curing  during  the  past 
contract  year;  it  is  believed  such  studies  should  not  he  pursued  extensively 
until  the  optimum  polymer  of  any  given  homologous  series  has  been  seleoted  for 
development.  The  properties  of  poly-1, 1-dihydroperfluorobutyl  aorylate,  however, 
have  been  sufficiently  promising  to  justify  a preliminary  study  of  its  curing 
ohara oteri sties  and  the  development  of  a suitable  curing  recipe;  this  study  has 
been  limited  to  recipes  known  to  be  suitable  for  its  unfluorinated  analogue. 
Silioate  and  amine-oxide  oures  have  been  found  operative  but  none  has  proven 
entirely  satisfactory;  other  curing  systems  will  be  investigated  as  more  of  this 
polymer  becomes  available. 

These  exploratory  polymerization  studies  have  extended  an  early  generalization 
about  fluorinated  polymers.  Specifically,  it  has  been  verified  that  fluorine, 
either  on  the  side  ohain  or  on  the  baokbone,  definitely  promotes  resistance  to 
swelling  or  solution  by  non-f luorlnated  solvents.  Furthermore,  it  has  been  con- 
cluded that  side-ohain  fluorination  does  not  increase  the  brittle  point  as 
markedly  as  skeletal  fluorine  yet  is  capable  of  providing  very  high  solvent 
resistance. 
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Although  the  fluorine- containing  polyaorylatss  appear  the  most  premising 
fuel  and  oil  resistant  elastomers  discovered  under  this  roEjearoh  project*  it 
would  be  premature  to  oonolude  that  still  better  polymers  cannot  be  found j the 
field  of  fluerinated  polymers  is  relatively  new  and  the  number  of  known  oompounda 

is  small* 
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TABLE  OF  ABBREVIATIONS 


AFB 

Allyl  perfluorobutyrate 

CH2=CH-CH202CC3F7 

BID 

Butadiene 

ch2»ch-ch»ch2 

BTF 

Benzotr If luorid© 

cf3c6h5 

CFB 

2-Chloroperfluorcbutadiene 

cf2=cci-cf»cf2 

FB 

Perf luorobutad iene 

cf2=cfcf^cf2 

FBA 

1, l«Dihydroperf luorobutyl 

aery]  ate 

ch2*chco2ch2C3F7 

FBC 

1, 1-Dihydroperf luorobutyl 

crotonate 

ch30H=chco2ch2C3F7 

FBF 

Bis-1, 1-dihydroperf luorobutyl  fumarate 

C3F7CH202CCH=CHC02CH2C3F7 

FBMA 

1, 1-Dihydroperf luorobutyl 

methacrylate 

CH2=C(CH3 )C02CH2C3F7 

FBS 

1 p 1-Lihydroperf luorobutyl 

sorbate 

CH3CH=CHCH=CHC02CH2C3F7 

FHA 

1 , 1-Eihydroperf luorohexyl  acrylate 

ch2chco2ch2c  5F1x 

oc-FPAH 

oc -Perf luoropropyl  acrylohitrile 

C3F7C(CN)=CH2 

1-FPB 

1-Perfluoropropyl'butadiene 

C3F7CH=CHCH*CH2 

MFB 

Methyl  perfluorobutyrate 

C3F7C02CH3 

fl-OA 

jQ-Octyl  acrylate 

CH2=CHC02CeH17 

VFB 

Vinyl  perfluorobutyrate 

CH2*CH02CC3F7 

vfc6 

Vinyl  perfluorocaproate 

ch2=cho2cc5f11 

VFC;Lo 

Vinyl  perfluorocaprate 

C%CH02CC9Fx9 

VFP 

Vinyl  perfluoropropionate 

CH2*CH02CC2F5 

VFV 

Vinyl  perfluorovalerate 

CH2  =CH02CCgFx  7 

VIBE 

Vinyl  i-butyl  ether 

ch2^choc(ch3)3 

VIPE 

Vinyl  i-propyl  ether 

ch2-choch(ch3 )2 

VME 

Vinyl  methyl  ether 

ch2=choch3 

VNBE 

Vinyl  jj-butyl  ether 

CH2=CH0C4H9 

APPEND  IX  II 

Informal  Report  - April  24,  1951 
The  Curing  of  Fluorlnated  Acrylates 
by:  J.  F,  Abere 


A,  Generali 

The  raw  poly-FBA  prepared  by  using  an  emulsion  recipe  is  white* 
opaque,  and  quite  tacky*  It  Is  easily  banded  on  a cold  mill,  but 
despite  its  tackiness,  it  can  be  removed  by  peeling  it  back  with  a 
knife  after  the  rolls  have  been  stopped*  After  compounding  ingredi- 
ents have  been  added  the  handling  properties  of  the  batch  improve  and 
the  usual  "cutting  back"  procedure  may  be  used  in  order  to  Insure 
good  mixing e 

Until  only  very  recently,  the  temperature  of  the  rolls  at  the 
commencement  of  milling  has  been  about  35°  for  the  silicate  recipes 
and  at  room  temperature  for  the  amine  recipe.  This  has  been  the 
procedure  because  of  the  lack  of  a heating  system  for  the  micro  mill. 
Now  a suitable  heating  system  is  installed  and  there  will  be  greater 
flexibility  In  the  compounding  process.  At  this  time  no  evaluation 
has  been  made  of  the  effect  of  mill  temperature  upon  the  results 
obtained  with  a given  recipe.  Since  po'ly-FBA  is  easily  worked  cn 
a cool  mill,  it  is  probable  that  a high  roll  temperature  is  unnecessary 
and  may  actually  be  undesirable. 

These  procedures,  incorporating  the  use  of  a cool  mil],  deviate 
from  the  methods  described  in  the  literature  for  the  curing  of  acry- 
lates (see,  for  example,  Service  Bulletin  H-fc,  Hycar  Polyacrylic 
rubbers,  August,  1950;  B.  F,  Goodrich  Chemical  Company).  Usually, 


qq 


V.'ADC  TK  92-197  Ft  1 


temperatures  from  100  to  150°Fe  are  advised  but  thus  far  no 
difficulties  have  been  observed  in  getting  good  cures  with  poly® 

FBA  when  little  or  no  heating  is  used. 

The  molding  pressure  has  been  900  psi  (gauge)  in  almost  all 
the  work  performed  with  poly-FBA.  On  our  press,  and  using  the  small 
mold,  this  results  in  a molding  plate  pressure  of  1800  psi.  This 
value  is  probably  higher  than  necessary  and  it  is  likely  that  wide 
variations  in  plate  pressure  would  produce  little  or  no  change  in 
the  character  of  the  vulcanlzate. 

B.  Amine  Cure: 

The  most  effective  recipe  of  this  type  which  we  have  used  is 


as  follows: 

Poly-FBA  100.0 

Red  Lead  5.0 

GMF  (paraquinone  dioxime)  1.0 

TETA  (triethylene  tetramine)  1.0 

Magnesium  Oxide  (calcined)  7.5 

Iron  Oxide  (FesO^)  0.5 

Temperature  298®F, 

Mold  Pressure  1800  psi 
Time  - Variable 


This  recipe  will  give  a soft  and  flexible  cure  if  the  time  is 
about  1.5  hours.  If  a less  extensible  but  stronger  product  is 
desired  then  a longer  period  may  be  used. 
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Our  usual  procedure  is  to  get  a good  baisd  of  polymer  working 
on  the  mill  and  then  slowly  add  a mixed  mast.erbatch  of  all  the  solid 
ingredients  noted  before.  Finally,  after  the  batch  is  well-mixed, 
the  TETA  Is  added  either  dropwise  or  in  small  portions  on  the  end  of 
a spatula.  Milling  is  halted  when  the  mixing  is  complete  and  the 
stock  is  completely  homogeneous. 


No  attempt  has  1 >en  made  to  vary  the  components  of  this  recipe 
in  a systematic  fashion.  Doubling  the  vulcanizing  ingredients  in 
the  formula  shown  above  will  produce  a somewhat  over cured  vulcanizate. 
No  work  has  been  performed  on  the  subject  of  proving  or  disproving 
the  supposed  mechanism  of  curing  by  the  formation  of  amide  linkages 
at  each  end  of  the  TETA  in  this  formula.  Thus  far,  no  difficulties 
with  pitting  or  sticking  have  been  observed  in  the  molding  operations. 

C.  Silicate  Cure: 


The  most  successful  formula  of  this  type  is  as  follows: 

Poly-FBA  100.0 

Sodium  Meta silicate  nona- 
hydrate  6.72 


\,  " i « " \ ii  I 

i!  . t 'ii  <)  ; V 
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Calcium  hydroxide 
Temperature  - ?10°F. 
Time  - ? hours 


2.72 


Mold  pressure  1800  psi 


Once  again,  the  first  step  is  to  get  a good  band  running  on 
the  mill  and  once  this  is  achieved,  the  lime  is  added  slowly  with 
enough  time  allowed  for  each  addition  to  become  fairly  well  mixed 
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with  the  polymer*  After  the  final  addition  of  lime,  the  milling  is 
continued  until  a homogeneous  batch  is  obtained.  At  this  stage  the 
metasilicate  is  carefully  heated  in  a small  glass  container  until  it 
becomes  completely  liquified.  Care  must  be  taken  not  to  induce 
boiling  and  thus  drive  off  the  water  of  hydration.  With  small 
batches,  the  molten  metasilicate  may  be  added  all  at  once,  but  if 
the  batch  is  large  (above  10.0  g. ),  it  is  probably  best  to  divide 
the  metasilicate  into  several  small  portions  and  then  melt  and  add 
each  one  separately. 

The  polymer  may  become  excessively  stiff  in  regions  where  the 
metasilicate  concentrates  after  addition,  but  upon  continuous  milling 
the  batch  will  become  homogeneous  and  may  be  stripped  off.  Some  signs 
of  bin  curing  have  occurred  with  batches  which  have  been  stored  for 
several  weeks. 

In  this  method  of  vulcanization  it  is  believed  that  the  cross- 
links are  formed  by  the  following  type  of  reaction: 


(see  reaction  on  following  page) 
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KC-C~0-CH2Rf  ♦ NaOSiONa 

\ 0 


NaOSiONa 


Si 


j .9  o 

HC-C-O-SiONa 

S i 


0 f 

w < 

RfCH20-C-CH 

\ 


■ \ 1 

NaOSi-O^C-CH  ♦ 2NaOCH2Rf 


It  is  clearly  evident  that  residual  sodium  silicate  groups  may 
be  expected  to  contribute  greatly  to  a decrease  in  the  water  resist- 
ance of  the  vulcanizate.  Once  again,  no  work  has  been  performed  on 
the  theroetical  aspect  of  the  supposed  mechanism,, 

If  a given  batch  of  polymer,  compounded  with  metasilicate,  is 
subjected  to  varied  times  of  cure,  it  is  found  that  the  tensile  will 
rise  to  a maximum  and  then  level  off  and  give  substantially  the  same 
value  even  though  the  time  is  extended  considerably.  However,  the 
elongation  does  not  appear  to  be  adversely  affected  by  the  extended 
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cur ft  ani,  therefore,  tha  curing  time  doas  not  have  to  bo  fixed  with 
exactness  once  the  general  shape  of  tlw  curing  curve  is  known. 

In  comparing  the  amine  and  the  netaailicate  cuius,  the  latter 
io  favored  somewhat.  It  lias  a simple  recipe,  gives  a more  lively 
product  with  good  elongation,  and  tha  curing  curve  levels  out  to 
suggest  good  long-range  retention  of  original  properties.  Although 
it  might  be  expected  that  tha  amino  euro  would  give  bettor  resistance 
to  water  penetration,  it  was  observed  to  yield  a swelling  volume  of 
100$  in  distilled  water  at  room  temperature  compared  with  only  70$ 
for  the  metasilicate  cure. 

D.  Miscellaneous 

Several  other  recines  have  been  checked  but  none  have  shown 
promise.  Sulfur  cures,  2, 6-iichloroouinone  chlorimine  and  paraquinone 
dioxime  (©IF)  were  .all  ineffective  when  used  as  the  essential  ingredi- 
ents of  a recipe  (see  Quarterly  Report  for  May  - July,  1950).  None  of 
these  formulae  have  been  tested  exhaustively  and  it  is  to  be  expected 
that  new  and  successful  formulae  will  be  discovered  in  the  future.  A 
short  bibliography  of  the  most  pertinent  publications  is  enclosed. 

Organic  compounds  containing  isolated  fluorine  atoms  tend  to  be 
unstable,  in  contrast  to  the  stability  of  perfluoroalkyl-substitutad 
materials.  Wia  do  not  expect,  nor  have  our  tests  indicated,  any 
significant  decomposition  during  the  molding  operation  sfuch  as  has 
been  reported  for  polyvinyl  fluoride.  However,  until  more  experience 
has  been  obtained,  precautions  to  protect  personnel  would  be  advisable. 

ic4 
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APPENDIX  III 


PER  CENT  FLUORINATED  PER  CENT 

MONOMER  FLUORINE 

MOLAR  HEIGHT 


|A.  Butadien«~-FRA 
3 B.  Butadiene-FBA 
J C.  Butadieno-FBA 
5 D.  Butadiene-FBA 

2 E.  Butadiene-FBA 

3 F.  Butadiene-FBA 


100 

53.0 

31.0 
28.6 
21.3 
l!*.l 


100 

82.5 

70.7 

65.5 
59.2 
U6.2 


G.  n-Octyl  Acrylate-FBA  66, 

H.  n-Qctyl  Acrylate-FBA  1j3 , 

-I.  n-Octyl  Acrylate-FBA  32. 

;J.  Butadiene-o c-FPAN  2h. 

X.  Butadiene- CFB  27, 

L.  Butadiene-FPB  2h, 

M.  2 ,3-Dif luorobutadiene  100 

N.  2 -Chloro-3-f luorobutadiene  100 


